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The Shortest Distance 

-- 1 - 1 - 


Between Two Points... 


ILS"^ Signal Processing Software. 


To get straight to the point: No other signal 
processing software can take you from a 
requirement to a solution with greater ease 
than ILS. This software represents the 
culmination of years of refinement based 
on feedback from the largest installed base 
of any DSP software product. Put the 
proven power of ILS, the world standard, 
to work for you. 

INSTANT PRODUCTIVITY. 

The ILS software package is a ready to use 
turnkey menu-based system for: 

• Data Acquisition • Spectral Analysis 

• Waveform Display • Pattern Analysis 

and Editing • Statistics 

• Digital Filtering • Speech Processing 


WHAT MAKES US BETTER. 

ILS offers virtually everything you’ll ever 
need in a signal processing package. 

• Availability on Mini-computers. 
Workstations, and PC s 

• Comprehensive DSP Functionality 

• Source Code for Specialized Development 

• Customizable Menus 

• High Quality Training 

• Unparalleled Customer Support 

See why ILS has thousands of installations 
in over 40 countries. For details, call 
toll free: 800-235-5787. 

ILS: THE SHORTEST PATH TO 
INCREASED DSP PRODUCTIVITY. 



Now Available! 

Code Generation for DSP Chips 










Six Simulation Solutions 

Now you can predict system performance 
before costly implementation 


NETWORK II.5 



Predict computer/communications 
network perf^ormance. You graphically 
define your network of processors and 
storage devices, interconnected by com¬ 
munication chaimels. Animation fol¬ 
lows immediately—no programming. 


SIMSCRIPT 11.5 



A widely used programming language 
for development of process-oriented 
models. This English-like language, 
with built-in graphics, is in use at 
4,126 sites worldwide. 


COMNET II.5 



Predict LAN, LANAVAN, voice, and 
data network performance. You gra¬ 
phically define the topology of your 
network through routing n^es and 
transmission links. Animation fol¬ 
lows immediately—no programming. 


MODSIM II 



A new object-oriented programming 
language with built-in graphics. It in¬ 
corporates the key elements of modem 
software engineering: block stmcture, 
modularity, and strong typing. 


LANNET II.5 



Predict LAN performance. You 
graphically define your network of 
stations and gateways intercormected 
by LAN’s. Animation follows 
immediately—no programming. 


SIMFACTORY IL5 



Predict factory performance. You 
graphically describe your factory 
through an easy-to-use interface. 
Animation follows immediately— 
no programming. 


Free TVial and TVaining Offer 


I For over 28 years CACI has provided 

I its simulation software on a ftee trial 
I basis—no cost, no obligation. You get 

I everything you need to try the product 
I of your choice on your PC, 

I Workstation, or Mainframe. 

1 For Immediate Information: 

In the US., call (619) 457-9681 or 
1 Fax (619) 457-1184. In Europe, call 
I Nigel McNamara, in our UK office, on 
(081) 332-0122 or Fax (081) 332-0112. 

' Worldwide, call Joe Lenz, in the U.S.A., 

I at (619) 457-9681 or Fax (619) 457-4463. 

L 


Rush free trial and training information on: 

□ SIMSCRIPT II.5® □ MODSIM n® 

□ SIMFACTORY II.5® □ NETWORK II.5’ 

□ COMNET n.5® □ LANNET n.5™ 

□ Send me information on your special 
university program for faculty only. 

Name_ 

Company_ 

Address_ 


Telephone _Fax _ 

Computer_Op. Syst. 


-1 

Mail or Fax this coupon to: | 

CAC I Products Company I 

3344 North Torrey Pines Court . 

La Jolla, California 92037 I 

Phone (619)457-9681 I 

Fax (619)457-1184 

In Europe: | I 

CAC I Products Division g | 

Palm Court, 4 Heron Square gj 

Richmond, Surrey, TW9 lEW | 

United Kingdom I 

Phone (081)332-0122 ' 

Fax (081) 332-0112 | 

SIMSCRIPT n.5, SIMFACTORY II.5, | 

COMNET II.5, MODSIM II, and NETWORK i 

LANNET II.5 is a trademark of CACI Products 1 

Company. ©1990 CACI Products Company. 
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How A Few Strands Of Glass 
Can Help Everyone Understand 
Each Other Perfectly 


We know how to change the world. And if you work here, 
you can help us do it. 

At BNR, we’re developing telecommunications systems 
that are smart enough to change the way we live, the way we 
work, even the way we think. 

Imagine a single network that could allow half the world’s 
population to talk to one another—all at the same time. A network 
where you could reach anyone, no matter where they were. A net¬ 
work that could translate from one language to another. That com¬ 
bines voice, data and video capabilities, and could even enable every 
make and type of data processing device to understand eaeh other. 

Instantly. Anywhere. Everywhere. 

All you need are a few fiber-optic strands, and the vision 
and expertise of a few incredibly gifted people. At BNR. 

As the research and development subsidiary of Northern 
Telecom, we know what the future will bring. 

Because we’re going to put it there. 

BNR<| 

A NORTHERN TELECOM COMPANY 

Where the future is more than talk. 

BNR, the research and development subsidiary of Northern Telecom, has labs throughout the U.S., Canada and the U.K. 

Contact BNR at: P.O. Box 13478, Research Triangle Park, NC 27709: 1150 East Arapaho Road, Richardson, TX 75081; 5555 Spalding 
Drive, Norcross, GA 30092; P.O, Box 3511 Station C, Ottawa, Canada K1Y 4H7. BNR is an equal opportunity employer. 




SEP 6: The U.S. National 
Space Council announced a 
new space policy requiring 
satellites owned by the U.S. 
government—like military 
satellites or scientific missions 
operated by NASA—to be 
launched only on U.S. 
produced rockets. 


SEP 6: TVvo Los Angeles utili¬ 
ties, the Department of Water 
and Power and the Southern 
California Edison Co., said 
they would develop a mass- 
producible electric four-pas¬ 
senger car and put 1000 of 
them on the city’s streets by 
late 1992. Clear Air Transport, 
a company in Goteborg, 
Sweden, will design the car, 
which will have a range of 250 
kilometers between charges, 
travel at a top speed of 110 
kilometers per hour, and ini¬ 
tially cost US $25 000. 


SEP 11: In the first big test of 
the Semiconductor Chip Pro¬ 
tection Act of 1984, a Federal 
district court jury in San 
Diego, Calif., found that Ad¬ 
vanced Micro Devices Inc., 
Sunnyvale, Calif., had violated 
three chip patents of Brooktree 
Corp., San Diego, and in¬ 
fringed on Brooktree’s rights to 
protect chip layout designs 
under the 1984 law. Advanced 
Micro said it would appeal. 


SEP 12: GTE Airfone, a cellu¬ 
lar telephone service in Oak 
Brook, Ill., and Communica¬ 
tions Satellite Corp., Washing¬ 
ton, D.C., said they would 
make the first global airline 
phone service available in 
mid-1991. 


SEP 13: A Federal panel, led by 
Lew Allen, director of NASA’s 
Jet Propulsion Laboratory, 
said a design defect in a meter¬ 
ing rod—a measuring device 
that was used to set up the 
Hubble Space Telescope’s main 
mirror—probably compound¬ 
ed by human error during as¬ 
sembly, caused the mirror flaw 
in the instrument. Allen said 
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there was strong evidence that 
the metering rod was installed 
upside down. 


SEP 14: Telefdnica de Espana 
SA of Spain agreed to take a 6 
percent stake in AT&T Co.’s 
main European holding com¬ 
pany, based in the Netherlands, 
in exchange for its 20 percent 
share in a Spanish chip compa¬ 
ny, AT&T Microelectronica SA. 
The holding company, AT&T 
Network Systems Internation¬ 
al BV, now owns 100 percent of 
AT&T Microelectronica, which 
in 1985 built a US $200 million 
custom chip factory near 
Madrid. 


SEP 15: Eight of Silicon Val¬ 
ley’s smaller chip-makers have 
joined to fight patent-infringe¬ 
ment claims brought by larger 
rivals, some of which they con¬ 
tend use patent and copyright 
litigation less as a protective 
measure than as a revenue¬ 
generating tool. The chip- 
makers are Cypress Semicon¬ 
ductor, Integrated Device Tech¬ 
nology, LSI Logic, VLSI Tech¬ 
nology, Altera, Sierra Semi¬ 
conductor, Linear Technology, 
and Seeq Technology. 


SEP 17: IBM Corp. and 
Microsoft Corp., Redmond, 
Wash., whose alliance has 
dominated the workstation 
world, redefined how they will 
work together in developing 
PC software: IBM will develop 
new versions of OS/2 for use 
on computers running on Intel 
Corp.’s 80286 and 80386 pro¬ 
cessors, and Microsoft will de¬ 
velop a portable version of OS/ 
2 that will run on microproces¬ 
sors other than Intel’s—mainly 
chips that use reduced-instruc¬ 
tion-set computing technology. 


SEP 19: IBM Corp., MCI 
Communications Corp., 
Washington, D.C., and Merit 
Inc., Ann Arbor, Mich., an¬ 
nounced formation of a com¬ 
pany to manage and expand 
the Federally financed Nation¬ 
al Science Foundation Net¬ 


work, enabling it to reach more 
researchers at universities. Fed¬ 
eral laboratories, and corpo¬ 
rations. 


SEP 19: Signaling a funda¬ 
mental shift in the economic 
philosophy of U.S. regulation, 
the Federal Communications 
Commission gave the eight big 
U.S. providers of local tele¬ 
phone service—GTE Corp. 
and the seven regional Bell 
companies—greater freedom 
starting Jan. 1 to raise or lower 
the prices they charge long¬ 
distance carriers for complet¬ 
ing interstate calls, while 
eliminating most controls on 
their rate of return. 


SEP 20: Tokyo’s NEC Corp. 
said it would participate in two 
Chinese joint ventures to pro¬ 
duce digital electronic switch¬ 
ing systems and large-scale ICs. 
The ventures, the first of their 
kind involving a Japanese elec¬ 
tronics company, will signifi¬ 
cantly advance China’s com¬ 
puter and telecommunications 
industries. 


SEP 24: LSI Logic Corp., Mil¬ 
pitas, Calif., introduced a set of 
chips that the company said 
would drastically reduce the 
cost of video conferencing—a 
large growth market for this 
decade. Called the L64700 fa¬ 
mily, the chips will help bring 
the cost of a typical tele¬ 
conferencing system down 
from about US $50 000 today 
to US $5000 in 1992. 


SEP 29: A Soviet environmen¬ 
tal official said an explosion at 
a nuclear-fuel-processing plant 
in Kazakhstan on Sept. 12 may 
have contaminated 120 000 
people. The explosion released 
toxic beryllium oxide gas, 
which could lead to lung, eye, 
and skin problems. 


OCT 1: Advanced Micro De¬ 
vices Inc., Sunnyvale, Calif., in¬ 
troduced a chip that incorpor¬ 
ates almost all the components 


of the circuit board used in the 
original PC-AT personal com¬ 
puter. It is the first of several 
announcements expected to 
come from superchip manufac¬ 
turers in coming months. 


OCT 4: Italy’s Fiat SpA and 
France’s Compagnie Generate 
d’Electricite (CGE) said they 
would form a far-reaching stra¬ 
tegic alliance and that CGE 
would acquire control of 
Teletra, Fiat’s US $1.4 billion- 
a-year telecommunications 
subsidiary. 


OCT 4: U.S. semiconductor 
and computer manufacturers 
took a united stand in urging 
the U.S. government to seek a 
new bilateral five-year semi¬ 
conductor trade agreement 
that would expand their access 
to the US $20 billion Japanese 
semiconductor market. The 
proposals include requiring 
Japan to give non-Japanese 
companies more than the 
promised 20 percent market 
share of chip sales as well as 
pressing for the dismantling of 
the system that now sets “fair 
market value’’ prices for Japa¬ 
nese memory chips. 


OCT 6: Breaking a trouble- 
plagued five-month NASA 
launching hiatus, the U.S. 
space shuttle Discovery rocket¬ 
ed into orbit and dispatched 
the Ulysses spacecraft on the 
first mission to explore the 
polar regions of the sun. 

Preview: 

NOV. 6: Residents in Prescott, 
Ore., will vote today on wheth¬ 
er to close the Trojan Nuclear 
Plant until certain conditions 
are met. Those include, a 
spokesman for Oregon’s Pub¬ 
lic Utility Commission told 
IEEE Spectrum, the selection 
of a permanent disposal site 
for nuclear wastes and provi¬ 
sion for earthquake safety. The 
plant is a pressurized (light) 
water reactor with a net capac¬ 
ity of 1095 megawatts. 

Coordinator: Sally Cahur 
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REFLECTIONS 


What’S 
going on? 


I I picture in my mind the daily travails 

I that once filled man’s workday— 

I the hunt for shaggy, long-toothed 
I I animals, the tending of thirsty, life¬ 
supporting crops, and the sweaty manipu¬ 
lation of clamorous machines. But all that 
has passed. Today, in the midst of the in¬ 
formation age, man fills his workday with 
the unending and hopeless task of trying 
to discover what is going on. 

Just as in ancient times, my family sup¬ 
ports me in this difficult and dangerous 
quest for bread to put on the table. As I go 
out in the morning, my dog makes a fran¬ 
tic rush at the front door to try to follow me. 
It is in part the last vestige of his hunting 
instinct, but he, too, has the sense of this 
information age imperative. He knows that 
things are happening out there in 
the great beyond—things that he --- 
will miss out on by staying at home, i 
I can see it on his face. But no, I 
must face the uncertainties alone. 
Amidst all the dangers of the mod¬ 
ern world, I must piece together 
what is going on. 

When I return at night, the first 
thing my wife asks is, “What’s going 
on at the office?” I usually reply, 

“Not much,” but that belies the train 
of reflex thoughts that her question 
has provoked in my numbed brain. 

When my son breezes through, his ' 
first and only words are, “Hey, Pop, 
what’s up?” Obviously, they are both 
deeply concerned. 

After all, what/s going on at the 
office? Another day has passed in . 
meetings, telephone calls, fax mes¬ 
sages, electronic mail, tons of paper t. - 
mail, magazines, journals, and 
chance meetings with associates. Some¬ 
thing is going on—for sure. But what is it? 
A wisp of suspicion in my mind threatens 
to congeal into the ultimate disgrace of the 
information age: I may not be in the know. 

Vacation times are especially perilous. 
Vacation is an unnatural state in the infor¬ 
mation age. While information continues 
its inexorable exponentiation—doubling 
every eight years or so—I remain temporar¬ 
ily stagnant and incommunicado. At night 
during these respites, I have the recurrent 
nightmare that I may never catch up once 


I get back. Some of my friends are already 
beginning to take fax machines on their va¬ 
cations. I see the worry on thei r faces, too. 
They may miss out on something. 

Even driving to work is a time of vulner¬ 
ability. I used to listen to music and book 
tapes on my car stereo. When I mentioned 
having listened to a particularly interest¬ 
ing book to an associate, he looked at me 
with skepticism. “How can you listen to 
tapes?” he asked. “What if a nuclear war 
started, and you were out of touch because 
you were listening to recorded tapes?” 
Ever since he pointed this out to me, I have 
been uneasy about playing tapes in my car. 
I mean, you never know; something dras¬ 
tic could be happening. 

Now I notice that my friends are install¬ 
ing cellular telephones in their cars. I see 
them pass me as they talk on these ear¬ 
phones. There is always a knowing look on 
their faces, and I am excluded. Probably 
something is going on. 

As hard as we scramble to keep abreast 
of things, this is still the easiest part of our 
job—the data collection. The data pro¬ 



cessing is much harder. The things that we 
observe are the things that are happening. 

The question is: why are these things 
happening? For example, there is an or¬ 
ganization change at work. The announce¬ 
ment goes up on the bulletin board. Then 
the speculation begins. What is the mean¬ 
ing of this change? Who and what are in? 
Who is out? What is the subtle message 
being conveyed by the notice? What is 
going on? 

The management is frustrated by these 
queries. People should get back to work, 
they think. A second notice goes up. “The 
following is why this organizational 
change is being made...,” it says. How¬ 
ever, the whole scenario is infinitely recur¬ 
sive, for no sooner does the second notice 
go up than another round of questions be¬ 
gins. “Why do you suppose they are tell¬ 


ing us this?,” people ask. What is really 
going on? 

All this frantic activity demands a cer¬ 
tain robust level of going-on-ness, as it 
were. In truth, at any given moment, there 
may actually be nothing going on in a par¬ 
ticular organization. 

This, however, is an unacceptable situ¬ 
ation; in much the same way nature abhors 
a vacuum, these days the business world 
abhors an information vacuum. During this 
period when an insufficient number of 
things are going on, the speculation rises 
to an abnormally high level, perhaps in 
compensation. “What do they mean by 
this lull?,” people ask. “Nothing has gone 
up on the bulletin board for the last two 
days,” someone worries aloud. “This is 
surely a sign of major forthcoming reve¬ 
lations.” 

In addition to worrying about the nature 
of the workplace environment, the overbur¬ 
dened engineer has to be con- 
1 cerned with what is going on in 
i technology. This is especially diffi- 
i cult, because most of his fellow en- 
i gineers try very hard to conceal the 
I necessary information. They pub- 
! lish papers in the various journals 
j that deviously lay false trails for the 
readers, trying to persuade them 
; that their papers are really part of 
what is going on, when in fact they 
i have nothing to do with anything of 
importance. 

But how are we to deduce this? 
The trade journals contribute to the 
general entropy by publishing inter¬ 
views with managers and famous 
o engineers, who give their opinions 
I about what is going on in technolo- 
I gy. Unfortunately, they have no idea 
jj themselves, so they make up things. 

Somewhere out there, things are 
going on. Inventions are being 
made, concepts are being formulated, the¬ 
orems are being proved, methodologies 
and processes are being conceived, mar¬ 
kets are rising and falling, and styles are 
being shaped. But these things take place 
in a cacophony of false starts. Technolo¬ 
gy is like an orchestra tuning up. If you lis¬ 
ten hard, you can hear little fragments of 
recognizable pieces. But if your attention 
lapses, you hear nothing but noise. 

If you find out what is going on, please 
let me know. I am desperate. 

—Robert VJ. Lucky 
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snm suit uih^ 

Now a cheap off-the-shelf 
SSR that puts you in control. It lets 
you control the cost 
and the system’s function in 
military applications. 

Here’s what you get. 

• Short Circuit Protection 

• Status Indication 

• Current Overload Protection 

• Optical Isolation 

• TTL & CMOS Compatible Control 

• Built to meet the requirements 
ofMIL-R-28750. 

• Cost Effective 



ACTUAL SIZE PART # CD21CDW 

CERAMIC PACKAGE 


Review the electrical diaracteristics and call us for immediate application assistance.* 



All power FET relays may drive 
loads connected to either 
positive or negative referenced 
power supply lines (source or 


O STATUS OUTPUT 



^riELEDYNE SOLID STATE 


A Division of Teledyne Relays 


*For immediate application assistance call 1-800-284-7007. 

Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
Circle No. 7 


















































AFDPLUS 

ACTIVE FILTER DESIGN 
Advanced Program for The PC 



RO Box 3630 ■ Boulder. CO 80307-3630 
Phone 303-499-7566 ■ Fax 303-499-0877 


Circle Na 3 
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Current Monitor 


With a Pearson current monitor and an 
oscilloscope you can make precise am¬ 
plitude and waveshape measurement of 
ac and pulse currents from milliamperes 
to kiloamperes. Currents can be mea¬ 
sured in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 

A typical model gives an amplitude 
accuracy of -0%, 20 nanosecond 
rise time, droop of 0.5% per millisecond, 
and a 3 db bandwidth of 1 Hz to 35 MHz. 
Contact us and we will send you 
engineering data. 

PEARSON 
ELECTRONICS,INC. 

I860 Embarcadero Road 
Palo Alto, Calif. 94303, U.S.A. 

Telephone (415) 494-6444 
Telex 171-412 • FAX (415) 494-6716 
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CALENDAR 


MEETINGS □ CONFERENCES 
AND CONVENTIONS 


IEEE members attend more than 5000 IEEE professional meetings, conferences, and conven¬ 
tions held throughout the world each year, fcr more information on any meeting in this guide, 
write or call the listed meeting contact. Information is also available from: Conference Sendees 
Department, IEEE Service Center, 446 Hoes Lane, Box 1331, Piscataway, N.J. 08856; 908-662- 
38TO; submit conferences for listing to: Rita Holland, IEEE Spectrum, 346 E. 47th St., New 
York, N.Y. 10017; 212-705-7569. 

For additional information on hotels, conference centers, and travel services, see the Reader 
Service Card. 


NOVEMBER 


Third International Symposium on the Physical 
and Failure Analysis of Integrated Circuits (IEEE 
Singapore Section); Nov. 11-15; Westin Stam¬ 
ford and Westin Plaza, Singapore; I PEA 91 Tech¬ 
nical Program Chairman, 16A Science Park Dr., 
No. 03-03 The Pascal, Singapore 0511; (65) 
773 0056; fax, (65) 773 0054. 

International Conference on Computer-Aided 
Design (ED); Nov. 12-15; Doubletree Hotel, 
Santa Clara, Calif; Pat Pacelli, 749 Clubhouse 
Rd., Suite 102, Boulder, Colo. 80301; 
303-530-4562. 

International Electronic and Materials Sympo¬ 
sium (EDMS); Nov. 14-16; National ChiaoTung 
University, Taiwan; C.Y. Chang; (0-1-35) 720 
637. 

Emerging Technologies For High-Speed Digi¬ 
tal Communications Seminar (Comm); Nov. 15; 
United Engineering Center, 345 East 47th St., 
New York, N.Y.; Jim Barbara, 212-395-8765, or 
Bob Putre, 914-683-3151. 

Second Annual SEPRI Symposium-Industrial 
Electric Power Applications (PEetal.); Nov. IS¬ 
IS; Doubletree Hotel, New Orleans, La.; Jack 
Davey, Department of Electrical Engineering, 
Tulane University, New Orleans, ija. 70114; 
504-865-5785. 

Third Annual North Carolina Symposium on Ar¬ 
tificial Intelligence (IEEE, NCSU); Nov. 15-16; 
Sheraton Imperial Hotel, Research Triangle Park, 
N .C.; Connie McElroy-Bacon or Belinda Nied- 
wick,. Office of Continuing Education and 
Professional Development, North Carolina State 
University, Box7401, Raleigh, N.C. 27695-7401; 
919-737-2261. 

International Conference on Spoken Language 
Processing-ICSLP (ASSP et al.); Nov. 18-22; 
International Conference Center Kobe, Kobe, 
Japan; Hiroya Fujisaki, Department of Electronic 
Engineering, University of Tokyo, 7-3-1 Hongo, 
Bunkyo-ku,Tokyo 113, Japan; (81-1-3)812 4442, 
ext. 6656. 

Cognitiva '90 (COMP); Nov. 20-23; Madrid, 
Spain; IEEE Computer Society, Conference 
Services Department, 1730 Massachusetts 
Ave., N.W., Washington, D.C. 20036; 202-371- 
1013. 


Second International IFIP WG 10.2 Workshop 
on Electronic Design Automation Frameworks 
(COMP); Nov 26-28; University of Virginia, 
Charlottesville; Ron Waxman, University of Vir¬ 
ginia, Charlottesville, Va.; 804-924-6086. 

Conference on Software Maintenance-CSM 90 
(COMP et al.); Nov. 26-29; San Diego Hilton 
Beach and Tennis Resort, San Diego, Calif.; 
Captain Thomas Pigoski, NSGD Pensacola, 
Corry Station, Pensacola, Fla. 32511; 904-452- 


Fifth International Photovoltaic Science and En¬ 
gineering Conference (ED); Nov. 26-30; Miyako 
Hotel, Kyoto, Japan; Hiroyuki Matsnami; 
(81-F03) 508 1213. 

Phased-Array Antennas: Theory, Design and 
Technology (GT); Nov. 27-29; Georgia Institute 
of Technology, Atlanta; Education Extension, 
Georgia Institute of Technology, Atlanta, Ga. 
30332-0385; 404-894-2547. 

23rd Annual Workshop on Microprogramming 
andMicroarchitecturo-MICR023(C0MPetal.); 
Nov. 27-29; Royal Plaza, Orlando, Fla.; C. 
Papachristou, Case Western Reserve Universi¬ 
ty, Computer Engineering and Science Depart¬ 
ment, Cleveland, Ohio 44106; 216-368-5277. 

Far-Field, Anechoic Chamber, Compact and 
Near-Field Antenna Measurements (GT); Nov. 
27-30; Georgia Institute of Technology; Edu¬ 
cation Extension, Georgia Institute of Technol¬ 
ogy, Atlanta, Ga. 30332; 404-894-2547. 

16th Annual Conference of IEEE Industrial 
Electronics-IECON '90 (IE); Nov. 27^30; Aslo- 
mar Conference Hall, Pacific Grove, Calif.; 
Robert Begun, 23609 Skyview Terrace, Los 
Gatos, Calif. 95030; 408-353-1560. 

IEEE Central America & Panama Technical Ex¬ 
hibit Et Convention - CO N CAPAN X (IE E E Sec- 
cion Panama): Nov. 29-Dec. 1; Marriott Cae¬ 
sar Park Hotel, Panama City, Panama; Box 
6-795, El Dorado, Panama; 507-69-3360. 


DECEMBER 


Global Communications Confeience-Globecom 
'90 (COMM); Dec. 2-5; Sheraton Harbor Island 
Hotel, San Diego, Calif.; Andrew Cohen, Qual¬ 
comm Inc., 10555 Sorrento Valley Rd., San 
Diego, Calif. 92121; 619-587-1121, ext. 326. 
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IT’S THE MOST RESPECTED MAGAZINE 
IN ENGINEERING TODAY 


OKS 


Are you aware of the fascinating advances in high 
technology that will affect you as a consumer, 
business or professional person, or educator, that 
are now being applied or planned for the future? 
Each issue of SPECTRUM brings you reliable, incisive, 
and useful insights that help you to better understand 
today’s fascinating breakthroughs and experience the 
excitement of tomorrow’s fast-breaking technological 
developments. 

Recent issues included articles on The Threat of Peace, 
Technology and Healthcare, Nuclear Industry Outlook, 
Intruder-Proof Computer Systems, The Great HDTV 
Race, Managing Risk In Large Complex System$...plus 
a vast array of timely, educational, and useful informa¬ 
tion on books, conferences, and high-tech products. 

THE ONLY ...NOMINATED 
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covers virtually all aspects of GaAs from de¬ 
vice design to circuit design and from lay¬ 
out to testing and application. We especial¬ 
ly commend the authors for the examples 
and problems throughout the text. The well- 
written solutions contain insightful expla¬ 
nations of the meaning and implications of 
the results. 

The authors are undaunted by the tech¬ 
nology’s lack of standard logic families, 
voltage levels, or supply requirements—all 
complications arising from the fact that 
GaAs is still an emerging technology. They 
simply describe all the options in detail. 
The level of the book is just right; it as¬ 
sumes neither too much nor too little 
knowledge. 

The first chapter does a good job of in¬ 
troducing the wide range of GaAs devices 
in use, and of differentiating them from sili¬ 
con devices. It provides sufficient back¬ 
ground for the remainder of the book and 
would be an excellent introduction for 
someone new to the field. 

The relevant first-order parameters that 
dominate device performance are all here, 
as are the second-order effects (backgat- 
ing, drain-current lag, subthreshold current, 
and temperature dependence) that must be 
accounted for in any sophisticated model. 
But some areas could have benefited from 
expansion (the discussion of backgating, 
for example), because they are quite com¬ 
plex and some disagreement remains 
about precise causes and preferred reme¬ 
dies. The chapter includes an overview of 
device fabrication techniques, and con¬ 
cludes with a solid review of next- 
generation heterostructure transistors (both 
field-effect and bipolar). The section about 
heterostructure bipolar transistors (HBTs) 
is interesting, but it has little to do with the 
rest of the book. 

There is an excellent discussion of de¬ 
vice modeling considerations for diodes 
and transistors, including the relevant 
parameters and sample Spice (circuit 
modeling program) input files. This section 
will be particularly useful to novice circuit 
designers and those new to gallium ar¬ 
senide. The treatment covers the dominant 
models in use for metal-semiconductor 
field-effect transistors and has a separate 
section on HBTs. 

The material on logic circuit design is 
particularly well-organized, appropriately 
emphasizing the dc functionality of circuits 
before describing ac performance. The 
authors define noise margins accurately 
and they attempt to correlate noise margins 
and circuit yield. Unfortunately, the corre¬ 
lation could be confusing to the uninitiat¬ 
ed, and example calculations are based on 
hypothetical assumptions. We repeated the 
analyses using real data and arrived at far 
different conclusions. 

A chapter on logic families explains all 
existing GaAs logic families. A comparison 
of these logic families, however, is missing. 
The authors seem somehow prejudiced 
against direct-coupled FET logic (DCFL) for 
reasons we cannot fathom. In many subtle 
ways they perpetuate the view that this kind 
of logic is difficult to design and work with, 
(Continued on p. 12) 
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Shared Minds: The New Technologies of 
Collaboration. Schrage, Michael, Random 
House, New York, 1990,227 pp., US $19.95. 

It sometimes seems 
as if business life 
has turned Into one 
huge meeting. We 
spend our days hud¬ 
dling in conference 
rooms, talking with 
colleagues in office 
cubicles, playing 
phone tag, or catch¬ 
ing up on office gos¬ 
sip around the coffee 
machine. About the 
only time interaction-saturated knowiedge 
workers can find solitude these days is 
when they peer into the screens of their 
personal workstations. 

Now, as manufacturers struggle to unite 
workstations and other computing devices 
into tools for collaboration, even this last 
refuge is about to disappear. The computer 
industry has become a battieground of 
buzzwords such as groupware, computer- 
supported cooperative work, and interper¬ 
sonal comput ing. The result over the next 
decade may be a great experiment we un¬ 
wittingly perform on ourselves as we at¬ 
tempt to blend new technologies and oid 
collaborative habits. 

This experiment is likely to lead us to 
question our assumptions about the na¬ 
ture of collaboration itself, as author 
Michael Schrage discovered when he set 
out to write Shared Minds. He confesses 
in his introduction that he intended to de¬ 
liver a book about using the new technol¬ 
ogies to collaborate more effectively, but 
instead he ended up exploring the nature 
of collaboration. 

This is good news for the reader. There 
already are several books on collaborative 
technology, but Schrage has opted to hunt 
for more interesting and elusive game. 
Shared Minds is an engaging and insight¬ 
ful exploration of the nature of collabora¬ 
tion and how it might change in an elec¬ 
tronic age. 

Instead of constructing conceptual 
maps of the nature of collaboration, 
Schrage chooses a more practical ap¬ 
proach emphasizing anecdotal and per¬ 
sonal observations. By far the most 
provocative chapter of his book is the one 
titled “Collaboration,” in which he inter¬ 
weaves these anecdotes with his insights 
about the collaborative process. The result 
is a collection of useful tips that also hint 
at the nature of collaboration itself. 

Shared Minds is loosely organized into 
a baker’s dozen of essay-like chapters, 
each focused on a different theme relevant 
to the intersection of technology and col¬ 
laboration. The result is a book that invites 
browsing. I opened it with the intention of 
reading it from cover to cover, but, because 
of my interest in the relationship between 
linguistic theory and collaboration, quickly 
jumped to a chapter titled “Language mat¬ 
ters.” Then I was drawn to another chap¬ 
ter, “Collaboration design themes,” in 
which Schrage offers an annotated set of 
elements underlying successful collabo- 
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rations. I eventually read the entire book 
in this hopscotch fashion, with the table 
of contents as my reference point. 

Most readers wiil go through Shared 
Minds in a more conventional order, but I 
suspect that everyone will discover a chap¬ 
ter or two that stands out from the rest. For 
example, users trying to implement group- 
ware systems in their organizations may 
be drawn to chapters such as “The ecolo¬ 
gy of meetings,” which details a variety of 
approaches to making meetings more ef¬ 
fective. Developers, on the other hand, are 
likely to flip directly to “Collaboration de¬ 
sign themes,” or to “Building collaborative 
architectures.” 

The book is as valuable a reference work 
as it is interesting to read. Author Schrage 
has covered a wide territory and talked to 
most researchers in the field, so the curi¬ 
ous reader will find no shortage of pointers 
to more detailed material. An ample bib¬ 
liography and an acceptable back index 
enable readers to pursue leads in greater 
depth. I predict that Shared Minds itself 
will become a kind of groupware, with read¬ 
ers sharing photocopied and annotated ex¬ 
cerpts with colleagues. 

Only those impatient for a detailed map 
of the new collaborative terrain will be dis¬ 
appointed. Shared Minds is the first book 
to explore this new territory, and thus it is 
more suggestive than comprehensive. 
Schrage makes a solid attempt to outline 
the shape of the collaborative technolo¬ 
gies to come, but it is simply too early for 
a detailed view of what remains a largely 
unexplored field. Schrage presents the 
next best thing, an honest and insightful 
account of his journeys through the con¬ 
fusing tangle of old and new. He may offer 
a few sketch maps, but, for the moment at 
least, it is up to us as readers to draw the 
larger map for ourselves. 

—Paul Saffo 

Paul Saffo is a research fellow at the Insti¬ 
tute For The Future in Menlo Park, Calif., 
and a columnist for Infoworld Magazine. 

Gallium Arsenide Digital Integrated Circuit 
Design. Long, Stephen, and Butner, 
Steven, McGraw-Hill, New York, 1990,480 
pp., US $53.95. 

Even in an industry 
accustomed to rapid 
change, the advances 
made by gallium ar¬ 
senide (GaAs) semi¬ 
conductor technolo¬ 
gy in the last five 
years have been star¬ 
tling. In 1985, a com¬ 
mercially available 
GaAs circuit contain¬ 
ing a few hundred 
transistors was rare. 

Now, GaAs integrated circuits with over 
100 000 transistors are mass produced and 
found in mainstream computer and tele¬ 
communications systems. 

This book is timely because it address¬ 
es the need to educate a new breed of cir¬ 
cuit designer involved in this technology. In 
general, the volume is well organized and 


covers virtually all aspects of GaAs from de¬ 
vice design to circuit design and from lay¬ 
out to testing and application. We especial¬ 
ly commend the authors for the examples 
and problems throughout the text. The well- 
written solutions contain insightful expla¬ 
nations of the meaning and implications of 
the results. 

The authors are undaunted by the tech¬ 
nology’s lack of standard logic families, 
voltage levels, or supply requirements—all 
complications arising from the fact that 
GaAs is still an emerging technology. They 
simply describe all the options in detail. 
The level of the book is just right; it as¬ 
sumes neither too much nor too little 
knowledge. 

The first chapter does a good job of in¬ 
troducing the wide range of GaAs devices 
in use, and of differentiating them from sili¬ 
con devices. It provides sufficient back¬ 
ground for the remainder of the book and 
would be an excellent introduction for 
someone new to the field. 

The relevant first-order parameters that 
dominate device performance are all here, 
as are the second-order effects (backdat¬ 
ing, drain-current lag, subthreshold current, 
and temperature dependence) that must be 
accounted for in any sophisticated model. 
But some areas could have benefited from 
expansion (the discussion of backgating, 
for example), because they are quite com¬ 
plex and some disagreement remains 
about precise causes and preferred reme¬ 
dies. The chapter includes an overview of 
device fabrication techniques, and con¬ 
cludes with a solid review of next- 
generation heterostructure transistors (both 
field-effect and bipolar). The section about 
heterostructure bipolar transistors (HBTs) 
is interesting, but it has little to do with the 
rest of the book. 

There is an excellent discussion of de¬ 
vice modeling considerations for diodes 
and transistors, including the relevant 
parameters and sample Spice (circuit 
modeling program) input files. This section 
will be particularly useful to novice circuit 
designers and those new to gallium ar¬ 
senide. The treatment covers the dominant 
models in use for metal-semiconductor 
field-effect transistors and has a separate 
section on HBTs. 

The material on logic circuit design is 
particularly well-organized, appropriately 
emphasizing the dc functionality of circuits 
before describing ac performance. The 
authors define noise margins accurately 
and they attempt to correlate noise margins 
and circuit yield. Unfortunately, the corre¬ 
lation could be confusing to the uninitiat¬ 
ed, and example calculations are based on 
hypothetical assumptions. We repeated the 
analyses using real data and arrived at far 
different conclusions. 

A chapter on logic families explains all 
existing GaAs logic families. A comparison 
of these logic families, however, is missing. 
The authors seem somehow prejudiced 
against direct-coupled FET logic (DCFL) for 
reasons we cannot fathom. In many subtle 
ways they perpetuate the view that this kind 
of logic is difficult to design and work with, 
(Continued on p. 12) 
11 

















(Continued from p. 11) 

and makes sense only as a last resort. 

In fact, DCFL and Its derivatives are fast 
becoming the dominant logic family in 
digital GaAs applications. Its lo\« power dis¬ 
sipation makes it the only path to very large- 
scale integration (VLSI). The simple fact 
that most GaAs VLSI chips rely on DCFL 
circuits would seem to refute the notion 
that this kind of logic is peculiarly difficult 
to manufacture or design. 

We were glad to see a chapter on inter¬ 
connections with tutorial material on 
transmission-line theory. Many new gradu¬ 
ates who specialized in logic design seem 
not to be knowledgeable in this area. 

The section on test methods devotes 
only four pages to wafer-probing tech¬ 
niques, with the remainder of the short 
chapter covering built-in test approaches 
and electro-optical methods. The GaAs in¬ 
dustry is moving toward built-in self-test 
very slowly. For the foreseeable future, 
wafer-probing will remain the dominant test 
strategy and for a variety of reasons, 
electro-opticai probing will seldom be used. 

With that in mind, this chapter sorely 
shortchanges the subject of wafer-probing. 
The information it does include is germane 
and accurate, but there is not enough de¬ 
tail about this difficult problem. However, 
the chapter cites a much better discussion, 
that of Strid, Gleason, and Reeder in VLSI 
Microelectronics: Microstructure Science, 


Vol. 11, Chapter 7, published by Academic 
Press in New York in 1985. 

Butner and Long’s discussion of built-in 
test approaches and structures is excellent, 
with design examples drawn from the liter¬ 
ature and with some original approaches. 
The analysis of electro-optical probing is 
brief but useful. 

When they review the use of GaAs in sys¬ 
tems, the authors accurately target com¬ 
puters as the primary application. There is 
no doubt that computers will eventually be¬ 
come the dominant users of GaAs circuits, 
particularly as on-chip complexity in¬ 
creases. However, this section omits impor¬ 
tant applications in telecommunications, 
such as those in digital signal processing, 
automated test equipment, and digital fre¬ 
quency synthesis. Also, some of the prob¬ 
lems termed “unique” to GaAs refer to an¬ 
tiquated processes and techniques of little 
relevance to modern implementations. 

The section on physical design effective¬ 
ly illustrates and contrasts two of the major 
GaAs 1C processes in use today. The text 
does assume a level of familiarity with 1C 
processing techniques. Along with the 
“Magic” files included in the appendix, it 
is possible to get a feel for the implemen¬ 
tation of a design in the two technologies. 
Since the world of GaAs ICs is rapidly 
changing, some updating of the rules 
would be necessary before an actual de¬ 
sign is produced. 

Clearly, Long and Butner have accom¬ 
plished their aim—to thoroughly present 
GaAs digital integrated circuit design in a 
manner accessible to the nonspecialist in 


solid state. Their book should make univer¬ 
sity courses possible in GaAs 1C design, 
and serve as a valuable reference. 

—Ron Cates, Max J. Helix, and Kenneth V. 

Rosseau 

Ron Cates is an applications engineering 
manager at Vitesse Semiconductor Corp. 
in Camarillo, Calif. He holds BS and MSEE 
degrees from the University of California, 
Los Angeles (UCLA). Max J. Helix is a pro¬ 
cess engineering manager at Vitesse. He 
holds a BS, MS, and Ph.D. in electrical en¬ 
gineering from the University of Illinois in 
Urbana. Kenneth V. Rosseau heads Vi¬ 
tesse’s device and circuit modeling effort. 
He earned BS and MS degrees from the 
California Institute of Technology in 
Pasadena and a Ph.D. from UCLA. 


Coordinator: Glenn Zorpette 



Numerical Analysis. Elden, Lars, et at., 
Academic Press, New York, 1990,347 pp., 
$39.95. 

Software Engineering for Electronic Sys¬ 
tems Designers. Ed. Jenkins, D. G., et al., 
Peter Peregrinus, London, 1990, 304 pp., 
$65. 

Waves and Fields in Inhomogeneous 
Media. Chew, Weng Cho, Van Nostrand 
Reinhold, New York, 1990,611 pp., $56.95. 



HIGH VOLTAGE CAPACITORS 

IMaxwell Laboratories is the world leader in 
the design and manufacture of high energy, 
high voltage capacitors. 


AVAILABLE FROM INVENTORY —A wide selection of 
capacitors with ratings from 2-lOOkV are available for high 
voltage pulsed applications. Maxwell’s Capacitor Selection 
Guide provides in-depth descriptions to aid capacitor selections. 
FOR REP RATE APPLICATIONS —Maxwell’s Industry 
Standard, plastic case capacitors offer compact designs for high 
voltage (20-100kV), low inductance applications. The Plastic 
Case Selection Guide showcases capacitors with rep rates to 
lOOOHz. 

Contact the Sales Department today for information on all 
Maxwell’s Industry Standard Capacitors. 
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International cooperation in science and 
technology: a fresh look at the impact of 
science on society. Dhombres, Jean, et al., 
Taylor & Francis, Lx)ndon, 1989, 267 pp., 
$56. 

Analogue IC Design; The Current-Mode 
Approach. Ed. Toumazou, C., et al., Peter 
Peregrinus, London, 1990, 646 pp., $85. 

Principles of Optical Engineering. Yu, 

Francis T. S., and Khoo, I. C., John Wiley 
& Sons, New York, 1990, 311 pp., $49.95. 

Theory and Design of Concrete Shells, 3rd 
Edition. Chatterjee, Binoy K., Chapman & 
Hall, New York, 1990, 280 pp., $80. 

Microsoft Excel. Ed. Kyd, Charles W., 
Microsoft Press, Redmond, Wash., 1990, 
578 pp., $24.95. 

The Best Book of Microsoft Windows 3. 

Townsend, Carl, Howard W. Sams, New 
York, 1990, 440 pp., $24.95. 

Artificial Neural Systems (Foundations, 
Paradigms, Appiications, and Impiemen- 
tations). Ed. Simpson, Patrick K., Perga- 
mon Press, New York, 1990,209 pp., $39.50 
(hard); $19.50 (soft). 

Interfacing to the IBM Personal Computer. 

Eggebrecht, Lewis C., Howard W. Sams, 
New York, 1990, 345 pp., $21.95. 

Data-Directed Systems Design: A Profes- 
sionai’s Guide. Modell, Martin E., McGraw- 


Hill, New York, 1990, 324 pp., $39.95. 

The First Book of PC-Write. Kenyon, Rebec¬ 
ca, Howard W. Sams, New York, 1990, 352 
pp., $16.95. 

Rogue Programs: Viruses, Worms, and Tro¬ 
jan Horses. Ed. Hoffman, Lance J., Van 
Nostrand Reinhold, Florence, Ky., 1990,384 
pp., $32.95. 

RISC Systems. Tabak, David, Research 
Studies Press, John Wiley & Sons, New 
York, 1990, 300 pp., $44.95. 

The First Book of Draw Perfect. Baake, 
Susan, and Kelly, James Kevin, Howard W. 
Sams, New York, 1990, 330 pp., $16.95. 

Strategic Choices, Supremacy, Survival, or 
Sayonara. Primozic, Kenneth, et al., 
McGraw-Hill, New York, 1991, 272 pp., 
$24.95. 

Graphics Gems. Ed. Glassner, Andrews., 
Academic Press, New York, 1990,833 pp., 
$49.95. 

High-Speed Semiconductor Devices. Ed. 

Sze, S. M., John Wiley & Sons, 1990, New 
York, 643 pp., $59.95. 

Engineering Formuias. deck, Kurt, et al., 
McGraw-Hill, New York, 1990, 568 pp., 
$25.95. 

Lattice Gas Methods for Partial Differen¬ 
tial Equations. Ed. Doolen, Gary D., et al.. 


Addison-Wesley Publishing, Redwood, 
Calif., 1990, 554 pp., $47.50 (hard); $26.95 
(soft). 

Simulation Bondgraphs. Thoma, Jean U., 
Springer-Verlag, New York, 1990, 188 pp., 
$59. 

Intelligence as Adaptive Behavior. Beer, 
Randall D., Academic Press, New York, 
1990, 213 pp., $29.95. 

The First Book of GW-BASIC. Aguiar, Saul, 
Howard W. Sams, New York, 1990,274 pp., 
$16.95. 

A Guide to Writing Successful Engineer¬ 
ing Specifications. Purdy, David C., 
McGraw-Hill, New York, 1990, 168 pp., 
$29.95. 

Unified Theories of Cognition. Newell, 
Allen, Harvard University Press, Cam¬ 
bridge, Mass., 1990, 530 pp., $39.95. 

Ada Applications and Administration. 

Johnson, Philip /., McGraw-Hill, New York, 
1990, 209 pp., $39.95. 

Large Deviation Techniques in Decision 
Simulation, and Estimation. Bucklew, 
James A., John Wiley & Sons, New York, 
1990, 270 pp., $49.95. 

Communications Formulas & Algorithms: 
For Systems Analysis and Design. 
Rorabaugh, C. Britton, McGraw-Hill, New 
York, 1990, 254 pp., $39.95. 
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THEORY AND ADVANCED TECHNOLOGY 

is a quarterly journal dealing with c:ontrol sys¬ 
tem and information sciences and related areas. 

It publishes original scientific and technical 
Papers, Short Papers, Correspondence or Tech¬ 
nical Notes which have originality, novelty, re¬ 
levance of presentation and timeliness. 
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Tactics or 
chores? 

It seems to me that the pilot’s associate 
discussed in “Computer-aided fighter pi¬ 
lots” [March, p. 38] would be most useful 
if it concerned itself with things the pilot 
paid no heed to. For example, according to 
James Fallows’ book National Defense 
(Random House, New York, 1981), three F-4s 
were lost because the pilots were so intent 
on chasing MiGs, they ran out of fuel. A pi¬ 
lot’s associate might have prevented that 
by monitoring the fuel state, but not by as¬ 
sisting them in catching their quarry. 

There are no “optimal” tactics, because 
surprise is of paramount importance, if 
only because it can disconcert the oppo¬ 
nent. A computer program’s tactical 
maneuvers will be stereotyped and predict¬ 
able if the opponent has obtained the al¬ 
gorithm, either through espionage or re¬ 
verse engineering from the reports of 
encounters. I therefore find it implausible 
that a program would be very useful in ad¬ 
vising about tactics. 

Louis Baker 

Albuquerque, N.M. 


More on Thevenin’s theorem 

James E. Brittain’s article on Thevenin’s 
theorem [March, p. 42] is well done, but the 
lower Box A might have appeared in two 
versions as 



and been more readily understood. 

A bit more history may be of interest. It 
seems correct to credit Bell Laboratories’ 
sources with popularizing the theorem; K. 
S. Johnson’s Transmission Circuits for 
Telephonic Communication, 1925, devotes 
most of a short chapter to the theorem. 
This book was intended for internal Bell 
teaching, and the theorem was not gener¬ 
ally in print until Everitt’s Communication 
Engineering appeared in 1932. Even Guille- 
min V II, Communication Networks, 1935, 
presents it only as part of a problem on 

p. 181. 

I may have been responsible for its use 
to describe an induction motor. While 
teaching communication circuits in 1944 
at Iowa State, one of the machinery profes¬ 
sors, B. S. Willis, sat in my class and saw 
the advantages of Thevenin’s theorem, and 
later reworked some of his induction motor 
material. He subsequently published on 
the subject. 

As late as 1949, I was told by a power 


professor that Thevenin’s theorem had no 
place in circuits work. 

Everitt, in a personal communication, 
told me that he was the first to publish Nor¬ 
ton’s theorem, which he had found cir¬ 
culating as a memo during his summer 
employment at Bell Laboratories in 1926. 

Since it took so many years for Theve¬ 
nin’s work to reach its proper eminence, it 
is not surprising that Helmholtz has not 
yet received his due. The fact that the origi¬ 
nal papers were in French says little for the 
abilities of electrical engineers to read a 
foreign language, circa 1930. Even the 
Massachusetts Institute of Technology, in 
including German in its first curriculum in 
1882, perhaps made a bad guess (see J. D. 
Ryder and D. G. Fink, Engineers and Elec¬ 
trons, 1984, p. 194). 

John D. Ryder 
Ocala, Fla. 


Brittain deserves much credit for strong¬ 
ly bringing out that Thevenin’s theorem 
was published much earlier by Hermann 
von Helmholtz. With reference to Norton’s 
theorem, Brittain correctly refers to Mayer. 
If, however, we were to agree that the true 
originator of a theorem is the one who pub¬ 
lishes it first, then we would end with a von 
Helmholtz-Mayer theorem instead of a 
Thevenin-Norton theorem. While Mayer 
published his theorem in 1926, that same 
year Norton’s theorem appeared only as 
part of a Bell Telephone Laboratories pat¬ 
ent communication; it was not published 
until many years later. 

As one of the reviewers of the Brittain 
article, I had the opportunity to propose 
that whenever there is a disagreement 
about the identity of the originator of a the¬ 
orem, the theorem should be named with 
reference to its content, with no origina¬ 
tor’s name stated. Then we end up with 
only two theorems; the “Equivalent Gener¬ 
ator Theorem” and the “Source Transfor¬ 
mation Theorem.” Since the latter is con¬ 
tained in the former, future EE students 
need only learn one theorem, which, so to 
speak, does everything and even includes 
dependent sources, unless coupling 
exists. 

The quotation from Dorf’s book states 
that in Norton’s theorem, the current 
source is paralleled by a resistance. Actu¬ 
ally, Norton stated that it is connected in 
parallel with an impedance. With that for¬ 
mulation, Norton opened the door to the 
treatment of storage elements, in both the 
steady state and the transient state. Nor¬ 
ton thus, in 1926, took a monumental step 
forward in network theory, and those using 
Thevenin’s and other theorems formulat¬ 
ed only for the resistive case soon fol¬ 
lowed his lead. 

Harry E. Stockman 

East Dennis, Mass. 


The author responds: In the original ver¬ 
sion of the article, I included some discus¬ 
sion of the 1925 book by Kenneth S. John¬ 
son and of the role of Aime Vaschy and 
George A. Campbell in the dissemination 
of the theorem. (Campbell had studied in 
France after graduating from MIT and 
could read the Vaschy treatise of 1890 that 
included the theorem.) Space limitations 
precluded the publication of the infor¬ 
mation. 


Europe 1992 

I feel that the statement of Georges Van 
der Perre, the SEFI (European Society for 
Engineering Education) representative 
[June, p. 47], concerning how various en¬ 
gineers will be affected by a directive set¬ 
ting professional standards, was incom¬ 
plete. 

The point of view of Claiu (Liaison Com¬ 
mittee of the Associations of University 
Graduate Engineers of the European Com¬ 
munity) is that in Europe, except perhaps 
in the United Kingdom and Ireland, two 
tracks in engineering education (for exam¬ 
ple, French Grandes Ecoles versus West 
German Fachhochschulen) also imply two 
strongly different levels and orientations 
in lifelong professional qualification for 
the individual. In that context, there is no 
room for a converging “end product” that 
some factions within Feani (European Fed¬ 
eration of National Engineering Associa¬ 
tions) seem to advocate. 

I want also to emphasize that not only 
engineers working as civil servants or self- 
employed engineers (“independent” con¬ 
sultants) but also privately employed en¬ 
gineers will be directly affected by the 
general directive and by an eventual com¬ 
plementary special directive as well. 

In fact, the preamble to the general 
directive stipulates: “... this means in par¬ 
ticular the possibility of pursuing a profes¬ 
sion, whether in a self-employed or em¬ 
ployed capacity, in a Member State other 
than that in which they acquired their 
professional qualifications.” 

R. de Bruyn 

Antwerp, Belgium 


Corrections 

On p. 26 of the July issue and p. 18 of the 
August issue, the frequencies for today’s 
cordless telephones should have been 49 
MHz and 46 MHz. 

On p. 50 of the August issue, the first 
word, Japan, should have been deleted. In 
the table on p. 51, the second “GHz” 
should have been deleted from the phrase 
“1.5 GHz for maritime GHz” in the box la¬ 
beled “Technology introduced” for Intei- 
sats V and VA. On p. 51, the last word of the 
fifth line should have been TDMA. In the 
first full paragraph on p. 52, the correct 
name for Inmarsat should have been Inter¬ 
national Maritime Satellite Organization; 
the correct name for AMSC should have 
been American Mobile Satellite Corp. 

—Ed. 
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A millionth of a second ... that's what it takes to stop 
a bullet in mid-flight. Yet in a millionth of a second, 
SuperCard can complete up to 640 floating-point operations. 

SuperCard ... an entire family of array processors based on 
Intel's revolutionary i860 processor... from CSPI, a pioneer 
in array and signal processing since 1968. 

• Configurable from 66-640 MFLOPS 

• Direct I/O with industry standard VSB bus 

• Up to 80 MFLOPS and 32 Mbytes in a single slot 

• Support for most Unix and real-time kernel hosts 

• Fully programmable with C and FORTRAN compilers 

• Extensive signal and image processing libraries 

• VAST-2 vectorizing FORTRAN pre-compiler 

• Available on VMEbus, ATbus, EISAbus 


Call: 1-800-325-3110 or 617-272-6020, (Fax 508-663-0150) 
or write CSPI, 40 Linnell Circle, Billerica, MA 01821. 

cspi 

THE ARRAY PROCESSORS 
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Introducing this year^ 
best performance. Solo. 



Once again, Compaq unleashes a series of stun¬ 
ning performances. 

The new COMPAQ DESKPRO 486/33L and 
COMPAQ DESKPRO 386/33L Personal Computers are 
single-user PCs that deliver the utmost in power. 

And 33-MHz 486 models of the COMPAQ 
SYSTEMPRO Personal Computer System strengthen 
its position as the network server without equal. 

, ,, For individuals, 

( ' - ’ - ' ^ our powerful new 

desktops extract the 
highest performance 
from Intel’s 33-MHz 
486 and 386 micro¬ 


processors. So you can run the most complex CAD/CAE, 
scientific and business applications faster than ever. You 
can also take advantage of SCO’s UNIX operating system 
and Microsoft’s Windows. Plus run the thousands of 
industry-standard software products available under 
Microsoft’s MS-DOS and MS OS/2. 

Both machines fulfill your need for speed. They’re 
optimized with high-speed cache memory designs, fbced 
disk drives and powerful Extended Industry Standard 
Architecture (EISA). So nothing slows you down. 

Both offer unequaled growth potential with seven 
EISA expansion slots plus internal room for up to 100 
MB of RAM and 1.3 GB of mass storage. The COMPAQ 
DESKPRO 386/33L also offers an upgrade path to 


COMPAQ, DESKPRO. SYSTEMPRO, Registered U.S. Patent and TVademark Office, UNIX is a registered trademark of AT&T. 













And this year^ 
best performance. Group. 



the power of 
486 technology. 

For networks, 
the COMPAQ SYSTEMPRO Family now delivers the 
ability to employ one or two 33-MHz 486 or 386 micro¬ 
processors. It’s power you can put to work in the broad¬ 
est range of connected environments, from resource 
sharing to departmental database management. 

Inside you’ll find innovations like a 512-Kbyte 
ServerCache design, EISA I/O performance and 
drive array technology. Plus the ability to use up to 11 
expansion slots and store up to 4.28 GB of data. 

These innovations are complemented by the 
COMPAQ DESKPRO 386n and COMPAQ DESKPRO 


286n Personal Computers, PCs designed with specific 
network features. Put them all together with Novell’s 
NetWare, Microsoft’s LAN Manager, SCO’s UNIX or 
other industry-standard network or multiuser operat¬ 
ing systems and you’ll get the greatest performance to 
ever hit the networks. 

And the one place to see these performances live is 
your Authorized COMPAQ Computer Dealer. For the near¬ 
est location and more information, call 1-800-231-0900, 
Operator 131. In Canada, 1-800-263-5868, Operator 131. 

comma 



It simply works better. 






















LEGAL ASPECTS 


Software copyright 
protection extended 

tone time, it was assumed that 
the copyright for a computer 
program covered oniy the soft- 

_ ware code. This iine of thinking 

aiiowed a software designer to safeiy emu¬ 
late the look and feel of a competitor’s pro¬ 
gram if he independently wrote his own 
code. But that notion has been eroding 
quite rapidly in the face of increasing pro¬ 
tection for “non-literal” elements of 
software—that is, components not literally 
embodied in a program’s coding. 

A recent Federal district court decision, 
Lotus Development Corporation v. Paper¬ 
back Software International, dramatical¬ 
ly illustrated the direction in which some 
courts are moving. At issue were the struc¬ 
ture, sequence, and organization of tne 
menu command system in the well-known 
Lotus 1-2-3 computer spreadsheet. In a 113- 
page opinion, U.S. District Court Judge 
Robert E. Keeton ruled in late June that 
these form a copyrightable, non-literal ele¬ 
ment of the Lotus 1-2-3 program, and that 
a competing spreadsheet program, VP- 
Planner, infringed the Lotus copyright. 

The lawsuit was first filed in January 
1987, when Lotus Development Corp., 
Cambridge, Mass., sued two companies. 
Paperback Software International Inc., 
Berkeley, Calif., and Stephenson Software, 
Ltd., Vancouver, B.C., for copyright infringe¬ 
ment. Stephenson had developed VP- 
Planner, which Paperback helped publish 
and market. Lotus argued that the Paper¬ 
back product incorporated the same dis¬ 
tinctive user interface that Lotus offered, 
consisting of specific menus, long 
prompts, function key assignments, and 
macro commands. 

Paperback countered that a user inter¬ 
face could not be protected by copyright, 
because the interface represented non¬ 
literal elements of the program. That is, 
features such as the menu command sys¬ 
tem’s organization were not literally em¬ 
bodied in the code of the Lotus 1-2-3 pro¬ 
gram. Lotus, however, took the position 
that such elements were indeed part of the 
copyrighted work and thus protected. 

Idea V. expression 

After reviewing the history of copyright 
law and certain recent cases, the judge de¬ 
vised a test for determining whether the 
user Lotus 1-2-3 interface was protectable 
by copyright. He warned, though, that this 
test was merely an aid in focusing on rele¬ 
vant factors. 

His analysis began with the fundamen¬ 
tal principle of copyright law: that one may 
not copyright an idea but only the render¬ 
ing or “expression” of that idea. In the con¬ 
text of the Lotus V. Paperback case, the 
“idea” of a spreadsheet does not qualify 
for protection, but a particular version of 
a spreadsheet may do so. 

The test fashioned by Judge Keeton has 
three parts. First, it defines the idea behind 
the work-in this case, a computer 
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program—as an abstract concept sepa¬ 
rate from its expression. Such a distinction 
is subjective, but necessary to help deter¬ 
mine the parameters of a copyright. 

Second, the test determines whether a 
computer program is limited to particular 
elements essential to the expression of 
the basic concept, or whether it is simply 
one of many possible ways of expressing 
that concept. Here the goal is to discover 
whether the Lotus 1-2-3 program included 
“identifiable elements” not essential to 
every expression of the concept of a 
spreadsheet. If the “expression” is limit¬ 
ed to particular essential elements or few 
variations, then the courts hold that the ex¬ 
pression “merges” with the idea, and 
copyright law prohibits any one com¬ 
pany or individual from acquiring exclu¬ 
sive rights to that expression. 

For example, suppose an exit sign in a 
screen display is used to represent the 
function of leaving a program. A court 
would probably not permit a copyright on 
that symbol, on the grounds that it direct¬ 
ly represents the idea of an exit and thus 
“merges” with the idea itself. If, on the 
other hand, the expression is only one of 
many ways of presenting the concept— 
for example, a picture of adoorway— 
a court would look more favorably upon 
copyright protection for such a symbol. 

Third, the judge’s test asks whether the 
identified non-essential elements form a 
“substantial part” of the work, thus en¬ 
titling them to copyright protection. This 
third part also requires a subjective deter¬ 
mination by the judge. 

Judgment 1-2-3 

Applying this three-part test. Judge Kee¬ 
ton examined the various elements of VP- 
Planner that Lotus contended were wrong¬ 
fully appropriated. In part one—the pro¬ 
gram as an abstract concept—the judge 
discussed the concept of an electronic 
spreadsheet. He concluded that while 
spreadsheets perse are not copyrightable, 
not every form of a spreadsheet is obvious 
and, therefore, some aspects may be pro¬ 
tectable by copyright. 

With Lotus 1-2-3, the judge held that 
specific features of the user interface 
might contain copyrightable subject mat¬ 
ter. Likely prospects included the rotated- 
“L” display, the designated key invoking 
the command system, the arithmetic func¬ 
tion keys, and the structure, sequence, and 
organization of the menu command sys¬ 
tem. He concluded that these features 
themselves represent abstract concepts, 
separate and apart from the actual expres¬ 
sion of the spreadsheet program, and he 
therefore examined them in the context of 
the remaining two parts of the test. 

In the second part of the test— identify¬ 
ing the non-essential program elements 
that implement those abstract concepts— 
the judge found that the rotated-“L’ display 
is widely used in spreadsheet programs. 
Further, a designer might choose to invoke 
any particular command by one of only a 
few obvious keys, so that the concept of 
the command necessarily merges with the 
idea of such a key. Finally, the arithmetic 


function keys used by Lotus 1-2-3 are ob¬ 
vious. Thus, the judge deemed the rotated- 
“L” display, the designated key invoking 
the command system, and the arithmetic 
function keys not copyrightable. 

The structure, sequence, and organiza¬ 
tion of the menu command system, how¬ 
ever, are “capable of being expressed in 
many if not an unlimited number of 
ways...,” Judge Keeton stated in his opin¬ 
ion. He found that the choice, structure, 
and order of the command terms; the 
presentation of the commands on the 
screen; and the long prompts were unique 
to Lotus and therefore copyrightable. 

Moreover, the judge viewed the com¬ 
mand structure as an integral whole, com¬ 
menting that even if the individual ele¬ 
ments may be obvious, their obviousness 
would not preclude copyright protection 
for the “whole” expression. 

Finally, in part three of his test, “wheth¬ 
er the structure, sequence, and organiza¬ 
tion of the menu command system is a 
substantial portion” of Lotus 1-2-3, the 
judge unequivocally concluded that it was. 

He also noted that major portions of this 
aspect of Lotus 1-2-3 had been intention¬ 
ally copied by Stephenson, as revealed in 
part by an affidavit of James Stephenson, 
the founder of Stephenson Software. In ad¬ 
dition, the instruction manual declared, 
“VP-Planner is designed to work like Lotus 
1-2-3, keystroke for keystroke... .VP- 
Planner’s worksheet is a feature-for- 
feature workalike for 1-2-3. It does macros. 
It has the same command tree. It allows 
the same kind of calculations, the same 
kind of numerical information. Everything 
1-2-3 does, VP Planner does.” The judge’s 
conclusion that there had been deliberate 
copying of features of the Lotus product 
undoubtedly influenced his decision. 

The legacy of Lotus 

Of several procedural defenses raised 
by Paperback and Stephenson, one 
deserves mention here. The companies 
contended that Lotus’ registration covered 
only the coding for the program and not 
the “screen displays.” Judge Keeton ruled, 
however, that the registration of the “en¬ 
tire work” sufficed to protect the displays. 

As Judge Keeton’s opinion is at the trial 
court level, the companies could appeal 
his decision. According to an article ap¬ 
pearing in Computerworldon July 2,1990, 
Paperback Software has indicated that in¬ 
deed it would appeal this far-reaching de¬ 
cision. If allowed to stand, the court’s opin¬ 
ion will influence software design, as it will 
affect virtually every user-oriented appli¬ 
cations package. 

Judge Keeton emphatically stated, how¬ 
ever, that his test was not to be taken as 
a fixed set of rules to be used to determine 
copyrightability in future cases, although 
other courts may likely adopt the judge’s 
test. Nonetheless, each situation will de¬ 
pend on the facts and, therefore, the next 
case will have to be judged on its own 
merits. —Joel Miller 

Joel Miller is an attorney at the New York 
City law firm Well, Gotshal & Manges. 
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for the Tkmmal Bhies 


Now they’re calling it a non-programmable terminal. 
Which might make you think technology has simply 
passed it by. 

At SAS Institute, we see things a little differently. 
After all, your mainframe—and the thousands of 
terminals attached to it—are the backbone of your 
business. Not to mention your largest single invest¬ 
ment in computing. And we just don’t think you should 
have to replace that investment to eiyoy the inter¬ 
activity of a PC environment. 

Just get the SAS® System of software. 

Bring the Individual Productivity 
of a PC to Your Mainframe. 

Only the world’s leading appUcations system could 
bring the look and feel of SAA/CUA to your main¬ 
frame...and breathe new life into your 3270 terminals. 
Just point and shoot to gain total control over your 
strategic data-driven tasks: data access, management, 
analysis, and presentation. 

Pull-down menus and pop-up windows make it 
more intuitive than ever to take advantage of the 
SAS System’s wide range of applications—from 


report writing and graphics to decision support 
and applications development. 

Let the SAS System point the way to greater pro¬ 
ductivity on your mainframe...on your minicomputers 
and UNIX®-based workstations...and on your PCs 
running OS/2® and MS-DOS® Wherever you choose to 
run the SAS System, you’ll get fast-and-friendly soft¬ 
ware backed by exi)ert technical support, consulting 
services, documentation, and training. 

All from SAS Institute Inc., one of the world’s most 
respected names in software. For a SAS System execu¬ 
tive summary, plus details about how you can receive 
the SAS System for a free trial, give us a call at 
919-677-8200. In Canada, call 416-443-98U. 



SAS Institute Inc. 

Software Sales Department 
SAS Campus Drive 
Cary, NC 27513 

Phone 919-677-8200 □ Fax 919-677-8123 


SAS is a registered trademark of SAS Institute Inc. UNIX is a registered 
trademark of AT&T. SAA and OS/2 are registered trademarks of IBM Corp. 
MS-DOS is a registered trademark of Microsoft Corp. 

‘Computer Intelligence, La Jolla, CA. 

Copyright © 1990 by SAS Institute Inc. Printed in the USA. 













The IBM RISC System/ 

Designing on any other workstation 



Whatever you’re creating, you’ll sail into a whole 
new age with any of the four POWERstations in the 
RISC System/6000 
family. Because 
POWER (Perform¬ 
ance Optimization 
With Enhanced RISC) 
processing can give 
you performance 
you’ve probably only 
dreamed about: 



up to four instructions per machine cycle, 42 MIPS 
and 13 MFLOPS. Suddenly, complex designs don’t 
take eons anymore. 

The four RISC System/6000 POWERstations 
feature a range of graphics processors from grayscale 
to Supergraphics to satisfy any graphics demand. 

Great news for Power Seekers working on animation, 
scientific visualization, medical imaging and engi¬ 
neering solutions like CADAM^ CAEDS™ and CATIAl" 
And for electrical design automation, there’s IBM’s 
all new CBDS™ and an arsenal of over 60 EDA appli- 
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6000 family. 

will seem downright primitive. 



cations from more than a dozen vendors. 

With every POWERstation, you can get an almost 
unimaginable palette of 16 million colors, which gives 
you 3 D images so realistic, they fairly leap off the 
sereen,with super sharp resolution of 1,280x1,024 pixels. 
And when it’s time to call in the heavy artillery, the 
POWERstation 730 draws nearly one million 3D vec¬ 
tors per second. Like all POWERstations, it can come 
complete with its own graphics processor, freeing the 
POWER processor to rapidly create and analyze your 
designs. All at priees that won’t sink anybody’s budget. 



So if you’re tired of paddling upstream with 
yesterday’s performance, call your IBM marketing 
representative or 
Business Partner to 
find out more about 
the RISC System/6000 
family. For literature, 
call 1 800 IBM-6676, 
ext. 991. 

Civilization never 
looked so good. 


For the Power Seeker. 




























Ptpgimmiirg in FC^TRAN 
no lon^ Inquires heavy nmhinery 



For all too many people, programming in 
FORTRAN means relying on a department 
mini or corporate mainframe. 

But with Microsoft* FORTRAN version 
5.0, this no longer has to be the case. 

Because now you can develop as well as 
maintain applications and subroutines. For the 
mainframe, the mini, and, of course, the PC. 

All on that relatively light piece of equip¬ 
ment residing right on your desk. Otherwise 
known as your PC. 

Now you’re probably asking j^urself how 
is this possible? Well, for starters, it supports 
FORTRAN 77 ANSI-standard syntax, ^condly, 
it has major VAX* extensions. And finally, it’s 
completely SAA compliant. 

And unlike “heavy” equipment, with 


FORTRAN 5.0 you can expect to find a range 
of high-quality development tools. Like our 
CodeView* debugger and Microsoft Editor. Plus, 
you can use Dyn^ic Link j 
Libraries to liiik in portions of ] 
your code at runtime. 

Giving you time to con- j 
centrate on other things. Like I 
your work, perhaps. f 

To learn more, call (800) J 

541-1261, Department L89. I- 

You’ll find that programming in FORTRAN 
doesn’t have to be a real heavy experience. 



Micmsolt 

Making it all make sense 


Customers inside the 50 United States, call (800) 5411261, Dept. L89. In Canada, call (416) 673-7638. Outside the U. S. and Cc 
and CodeView are registered trademarks and Making it all make sense is a trademark of Microsoft Corporation. VAX is a reg 


and Canada, call (206) 882-8661. ©1990 Microsoft Corporation. All rights reserved. MtcrosoJ 
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Microsoft FORTRAN 
Optimizing Compiler 
version 5.0 

Compatibility With 
Mini/Mainframe Code 
For Easy Porting. 

• New VAX extensions including 
RECORD/STRUCTURE support. 

• 100% IBM SAA compliant. 

Meets The Standard And More. 

• Full, certified implementation of the 
ANSI 77 FORTRAN standaid. 

• New Microsoft extensions, including 
access to command-line arguments, 
C-like conditional conrpilation and 
language switches to flag non-VAX 
or non^AA FORTRAN extensions. 

• Plus selected ANSI 8X FORTRAN 
extensions including allocatable 
arrays, CASE statement, array oper¬ 
ations, and additional character 
intrinsic functions. 

A Complete Set Of Professional 
Development Tools 
For The PC Environment. 

• Includes the powerful, interactive 
source-level CodeView debugger and 
the programmable Microsoft Editor. 

• Easy interface for mixed lariguage 
programming with other Microsoft 
languages. 

• Incremental linker for DOS 
(MS-DOS* or PC-DOS) or OS/2 
operatir^ systems. 

• (Choose from three math libraries: 
8087/80287/80387 coprocessor sup¬ 
port, or a floating-point emulator, or 
faster execution in exchange for 
precision. 

• Full graphics library with graphics 
primitives supporting Hercules 
monodirome, CGA, EGA, and VGA 
monitors. 


FORTRAN Benchmark Results 


n In The PC Operating 
stem Of Your Choice: 

DOS Or OS/2. 

• Use DOS or OS/2 to develop applica¬ 
tions that can run in either DOS or 
OS/2. 

• Break the 640Kbarrier...under 
OS/2, compile/execute programs up 
to 16Mb. 

• OS/2 Dyn^ic Link Libraries let 
you share libraries among multiple 
applications and update libraries 
without relinking 

• Use OS/2 multidireads to execute 
multiple routines simultaneously. 
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First International Symposium on Uncertainty 
and Analysis: Fuzzy Reasoning, Probabilistic 
Methods, and Risk Management (COM P et al.); 
Dec. 3-5; University of Maryland, College Park, 
Md.; Bilal M. Ayyub, Department of Civil En¬ 
gineers, University of Maryland, College Park, 
Md. 20742; 301-454-2438. 

Third International Conference on Computer 
Vision-ICCV '90 (COMP); Dec. 4-7; Miyako, 
Asahi Plaza, and l-House hotels, Osaka, Japan; 
ICCV '90, IEEE Computer Society, Conference 
Services, 1730 Massachusetts Ave,, N.W., 
Washington, D.C. 20036; 202-371-0101. 

29th Conference on Decision and Control (CS); 
Dec. 5-7; Hilton Hawaiian Village, Honolulu, 
Hawaii; Malcolm D. Schuster, RF-23-377, Johns 
Hopkins University, Applied Physics Laborato¬ 
ry, Laurel, Md. 20707. 

Ultrasonics Symposium (UFFC); Dec. 5-7; 
Sheraton Waikiki Hotel, Honolulu, Hawaii; 
Moises Levy, Physics Department, University 
of Wisconsin, Milwaukee, Wis. 53201; 414-963- 
4168, 

Fourth International Workshop on CASE-CASE 
'90 (COMP et al.); Dec.- 5-8; Irvine Hilton and 
Towers, Irvine, Calif.; Ronald Norman, San 
Diego State University, College of Administra¬ 
tion, San Diego, Calif. 92182; 619-594-3734. 

21st Annual Semiconductor Interface 
Specialists Conference (ED); Dec. 5-8; San 
Diego Hilton Beach and Tennis Resort, San 
Diego, Calif; Steve Lyon, 609-258-4635. 

International Electron Devices Meeting (lEDM/ 
IEEE); Dec. 9-12; San Francisco Hilton and 
Towers; Melissa Widerkehr, lEDM 1990, 655 
15th St., N.W,, Suite 300, Washington, D.C. 
20005; 202-347-5900, 

Second IEEE Symposium on Parallel and Dis¬ 
tributed Processing-SPDP (COMP); Dec. 9- 
13; The Colony Parks Hotel, Dallas; Behrooz 
Shirazi, Department of Computer Science and 
Engineering, Southern Methodist University, 
Dallas, Texas 75275-0122; 214-692-2874. 

San Diego Workshop on Volume Visualization 
(COMPetal.); Dec. 10-12; San Diego Super¬ 
computer Center, La Jolla, Calif.; T. Todd El- 
vins, SDSC, Box 85608, San Diego, Calif. 
92018; 619-534-5128. 

Workshop on Heterogeneous Database Sys¬ 
tems (COMP); Dec. 11-13; Northwestern 
University, Evanston, III.; IEEE Computer So¬ 
ciety, Conference Services, 1730 Mas¬ 
sachusetts Ave., N.W., Washington, D.C. 
20036; 202-371-1013. 


JANUARY 1991 


Fourth CSI/IEEE International Symposium on 
VLSI Design (COMP et al.); Jan. 5-8; New 
Delhi, India; Y.K. Malaiya, Computer Science 
Department, Colorado State University, Fort 
Collins, Colo. 80523; 303-491-7031; or D. Roy 
Chowdhury, Gateway Design Automation, 
SDF- A-1, Noida Export Processing Zone, P.O. 
NEPZ, Noida-201305, UP, India; (91-1-57) 366 
2342. 


I LEADING AUTHORS 
I LEADING TITLES 

I ♦ 

I D NEUROCOMPUTING 

by Robert Hecht-Nielsen 

Encyclopedic in scope, ftie definitive sourcebook 

■ covering Ibeory, software, hardware, and applications. 

(09355) 1990 $47.95 

□ OBJEG-ORIENTED DESIGN 

I by Grady Booch 

"Bosicolly the only book worth reading on Object- 
Oriented Design!"— Bjorne Stroustrup, AT&T Bell 

I Lobs. (30091) 1991 $38.95 

□ MICROWAVE ENGINEERING 
by David Pozar 

I The first in-depth treatment of both passive and active 
circuits. Filled with examples end photos. 

(50418) 1990 $62.95 

Id ALGORITHMS INC 
* by Robert Sedgewick 

I The tools you need to run and debug useful olgorithms 

— implemented in C for festing on real opplicotions. 
(51425) 1990 $40.95 

I D HIGH PERFORMANCE 

COMPUTER ARCHITEGURE, 2/e 
by Harold S. Stone 

■ Covers such current topics os cache memory analysis, 
RISC processars, and muitiprocessar intercannections. 
(51377) 1990 $53.95 

I D DIREGORY OF FEDERAL LABORATORY & 
TECHNOLOGY RESOURCES 1990-1991 
by Nat'l Technical Information Service 

I This guide ta services end facilities lists 1,100 
resources by subject, with names and numbers. 
(55072) 1990 poper $59.95 

I D TELECOMMUNICATIONS: PROTOCOLS & DESIGN 
by J.D. Spragins et al. 

The latest techniques for solving network problems, 

I with in-depth coverage of eight major architectures. 

(09290) 1991 $56.95 




MASTERING TECHNICAL WRITING 
by Joseph Mancuso 

Write organized, concise, jargon-free technical docu¬ 
ments that are prafessianal ond inviting. 

(52350) 1990 paper $27.95 


CHECK OFF, FILL OUT & MAIL TO; 

A Addison-Wesley Publishing Company 
Dept. MAA-1, One Jacob Woy 
Reoding,MA01867 
1-800-333-0088 


I Company _ 
Address_ 


I City_ 


I FOR FASTER SERVICE, FAX IT! (617) 944-7273 
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It!s not easy being top dog. 


Sometimes it’s harder to stay out front than it is 
to get there. That’s why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 
diagram modeling and simulation program for work¬ 
station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 
for mixed continuous and discrete systems, lineariza¬ 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there’s no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. ■■■ 


Ctri-C svallable for 586 PCs, Sun, Apollo and DEC w)rtetations, E 




i.CtrK:«aiidModd-C«arem 
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^ ^ Location And Logistics 

\ Industrial Infrastructure 
★ ★ Workforce 


Transship goods from Holland 
at the lowest cost in Europe, 
without spinning wheels 


Holland remains the strategic 
Gateway to Europe—and not just 
because of her ideal location. 

Her concentrated network of road, 
water, rail and air transportation 
helps companies transship quickly 
and economically to all major 
European markets and worldwide. 

Over 30% of all EC imports are 
brought in through Dutch ports 
and airports, including Rotterdam 
and Schiphol. Dutch haulers ac¬ 
count for over 25% of cross-border 
EC road transport. 

Almost half of Holland’s GDP is 
exported, so it is no wonder the 
Netherlands has developed an un¬ 
paralleled system of distribution 
facilities and logistical assets— 
including about 2,500 bonded and 
FEMAC warehouses, 24-hour cus¬ 
toms stations, teleports and com¬ 
puterized cargo tracking systems 
that reduce transit times and costs. 



Working with Dutch masters at 
freight forwarding and product 
distribution is an easy way to get 
started in Europe. 

After, you may join the 1,500 North 
American companies that already 
have invested in Holland, estab¬ 
lishing European headquarters or 
sales, repair and service, assem- 
bfr, manufacturing or R&D centers. 


— ^hjetheilands — 
pbreigninvestment 


ncy- 


NEW YORK (212) 246-1434 • SAN FRANCISCO (415) 98 


• LOS ANGELES (213) 477-8288 • OTTAWA (613) 237-5030 


Please send me literature on TTie Netherlands: Europe’s Gateway to W92. 

Complete this coupon and mail it to: Mr. Irwin de Jong, Executive Director 
Netherlands Foreign Investment Agency, One Rockefeller Plaza, New York, NY 10020. 


n 


, Title 


HIT THE GROUND RUNNING 


I_ City_State_Zip_ _| 

This moSetlol is published by Ogilsy Public Reintions Group, which is registered us on ugeni of the Government of the Netherlonds. It is filed with the Deportment of Justice, 
where the teguired registrotion stotement is ovoiloble for public inspection. Registrntion does not indicate npprovol of the contents by the United Slotes Government. 
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A career that starts at the cutting 
edge of technology is a career 
thafsgoing places. 

At the Mavat Underwater 
Systems Center (NUSC), that’s 
where our work begins, and that’s 
the advantage our engineers have. 
Their work starts at the point others’ 
has ended and takes them forward 
to new technologies, out of the labs 
and into reai-worid situations, and 
closer to their full potential. 

As the Navy’s primary research 
and development laboratory for 
submarine systems, NUSC provides 
vital technology^at allows the 
U.S. to maintain its defehsive pos¬ 
ture worldwide. Doing so requires 
our civiiian engineers to constantiy 
break new ground in the areas of 
communications, artificiai intelii- 
gence, eiectromagnetics/electro- 
optics, acoustics, fiuid dynamics, 
and structural analysis. 


These efforts often extend 
beyond the main NUSC laboratories 
in Newport, Rhode Island, and New 
London, Connecticut. Our engineers’ 
work has taken them to locations 
as diverse as the ocean fioor for 
at-sea testing of the systems they 
developed; high-powered program 
offices in Washington, D.C., for 
critlcai project pianning and 
review; and unexplored regions of 
the Arctic for under-ice research. 

And at NUSC, we know that to 
remain ahead, our workforce has 


to be the finest. We ensure this 
through encouragement and finan¬ 
cial support of continuing educa¬ 
tion, offering a dual-career ladder 
with technical and managerial 
opportunities, and providing 
assignments to challenge even the 
highest leveis of interest, skilis, 
and abilities. 

New professionals and experi¬ 
enced electronics, electrical, and 
computer engineers with plans to 
go places in their careers should 
think about NUSC. 

It’s a great place to work. 

For more information or to 
appiy, contact: 

NAVAL UNDERWATER 
SYSTEMS CENTER 
Placement Officer, Code 083(IS) 
Personnei Staffing Division 
Newport. Rl 02841-5047 
Or cali: (401) 841-4404 


U.S. Citizenship Required 
An Equal Opportunity Employer 





Why So Many 
TmEMneersAre 
GoingNowhere. 




Because when you have all 
the facts, there’s no telling how 
far you’ll go. 

INFORMATION SERVICES, INC. 
1^11 A Knighl-Ridder Company 158 

Tkivorld’slco'gest online knowledgebank 


To go anywhere in engineering, 
you have to know what’s going on 
around you. But it’s difficult find¬ 
ing the time and resources to go 
out and gather the information so 
crucial to your success. 

That’s why so many top engi¬ 
neers are finding all the informa¬ 
tion they need without 
leaving 
k their 
offices. 

Because all they need is 

Dialog. 

As the world’s largest online 
knowledgebank, DIALOG delivers 
the leading sources 
of technologi¬ 


cal and business information to 
your own PC. 

So you can get vital inside 
information without 
ever going outside. 

With access to 
more than 12,000 rel¬ 
evant technical jour¬ 
nals, you can 
easily monitor 
recent develop¬ 
ments and new 
trends in electronics, 
energy and materials technolo¬ 
gies. You can even scan the latest 
conference 


papers from sessions worldwide. 
All without leaving your desk. 

And you won’t have to spend 
hours sifting through 
material that doesn’t 
relate to your work. 
Dialog helps you gain 
specific, pertinent in¬ 
formation instantly. So 
instead of working to 
get information, you can 
concentrate on making 
information work for you. 

You may even be able to start 
today. 

Check with your company’s 
librarian or information center to 
see if they’re using DIALOG. Or 
call us toll-free at 800-3-DIALOG 
and we’ll send you a complimen- 
taty catalog describing our 
information resources. You can 
even request information by Fax 
at 415-858-7069. 
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Corporate Culture 


Corporate culture—the indefinable assets that distinguish one company from another. 

"Since STI's inception, our key to corporate culture has been an overriding commitment to 
excellence at every level of our business," relates president Larry L. Pfeifer. A leader in the 
development, marketing, and support of signal processing software products. Signal 
Technology Inc., with sales and representatives worldwide, is one of the foremost third-party 
software companies in the United States. 

"And that's what I like about SPECTRUM—its commitment to excellence," says Pfeifer. A 
reader of SPECTRUM for over 20 years, he finds the editorial "factual and enlightening, useful, 
timely information that I can apply. It's exactly the kind of authoritative environment which 
insures that STI's advertising reaches the right audience." 

Pfeifer is one of 507,000 engineering and scientific professionals who read SPECTRUM 
magazine to gain useful insight on emerging state-of-the-art developments—technologies that 
will direct their role in shaping our tomorrows. 

SPECTRUM—essential, relevant, informative. Reaching readers who create tomorrow, today. 

SPECTRUM 

345 East 47th Street, New York, NY 10017, U.S.A. • 212-705-7760 
Spectrum is published by The Institute of Electrical and Electroiucs Engineers, Inc. 










The power-user’s 
guide to the new 
HP48SX. 


Over 2100 built-in 
Junctions. 


32 Kbytes of RAM 
built in. 


HP EquationWriter 
application. 


This guide only skims the surface 
of the HP 48SX’s breakthrough 
features. With over 2100 built-in 
functions, for starters, what 
could you expect? 


To grasp its true power, get your 
hands on one at your nearest 
HP retailer. 


HP calculators. The best for 
your success. 


Symbolic 


Serial interface to 
PC or Mac. 


Urn-way 
infrared HO. 


Plug-in equation 
library (optional). 


Graphics integrated 
with calculus. 


Simulated screen. 

© 1990 Hewlett-Packard Company PG12010A 




HEWLETT 

PACKARD 
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HONEYWELL: OPENING THE DOOR 
TO A CAREER IN AVIONICS TECHNOLOGY. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Qroup. Our continuing 
growth has created the following positions: 

Systems Design Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 

System Sofitware Development — 

This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family, Z8002 and 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 
hardware integration. 

Electronics Engineering — These posi¬ 
tions involve the development of new pro¬ 
cessor/bus architectures and specifications 


to support fault tolerant/redundant airborne 
applications. 

Display Systems — These positions 
offer systems, software and hardware oppor¬ 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys¬ 
tems functions include overall system defi¬ 
nition, design and customer interaction. 

To qtudify for the positions listed above, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 

Ada Software Systems Engineers — In 
these positions you will design, implement 
and maintain software tools hosted on VAX/ 
VMS computer systems and written in Ada 
and “C” languages. Experience with design¬ 
ing and implementing compilers, linkers, 
debuggers and runtime libraries targeted to 
RISC architectures is required. A back¬ 
ground in Ada compiler support is highly 
desired. 

Additional opportunities are available 

• CRT/LCD Display Technology 

• Avionics Systems Simulation 


• CAE Engineering (Apollo Mentor 
Systems) 

• Artificial Intelligence 

• VAX Systems Administration 

• Fiber Optic Pressure Sensors 

• EMI/HERF 

• Software Tools Development 

Make a career move. Honeywell offers 
you a competitive salary and benefits pack¬ 
age. All new employees are required to suc¬ 
cessfully complete a drug screening test. 
Send your resume and salary history, in con¬ 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(IEEE-E904), P.O. Box 21111, M/S I-17C, 
Phoenix, AZ 85036. 


Honeywell 

HELPING YOU CONTROL 
YOUR WO R L D 

Equal Emptoyment Opportunity/Affirmative Action Employer 
U.S. citizenship required for some positions 
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Ouch! Medical bills can get you where it 
hurts — your wallet. But comprehensive health 
care coverage can help ease the pain of those 
unexpected medical costs. 

If you’re an IEEE member who does not 
have basic major medical insurance where you 
work, are required to pay a large portion of the 
cost of your employer-provided plan, or are self- 
employed, you may want to consider the IEEE 
Comprehensive Healthcare Plan. It provides 
protection you, and your family, can depend on. 

The plan offers an unlimited maximum 
benefit, a choice of 3 calendar year deductibles 
and optional hospital room and board benefits. 
And, you can apply for coverage for yourself, 
your spouse and children — all at affordable 
group rates. Plus, unlike an employer-provided 
plan, this coverage will stay with you even if 
you change jobs. 


Let the Comprehensive Healthcare Plan 
help pay the bills when you’re injured or sick — 
so you don’t have to reach so far into your own 
pocket. 

Send the attached postage-paid reply card 
today for more information! (Or call the IEEE 
Insurance Administrator toll-free at 1 800 424-9883, 
in Washington, D.C. call 457-6820). 


Group Insurance for IEEE Members 
Designed Engineers. For Engineers. 



IEEE 
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HONEYWELL: OPENING THE DOOR 
TO A CAREER IN AVIONICS TECHNOLOGY. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Qroup. Our continuing 
growth has created the following positions: 

Systems Design Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
t of these positions. 


to support fault tolerant/redundant airborne 
applications. 


• CAE Engineering (Apollo Mentor 
Systems) 


Display Systems — These positions 
offer systems, software and hardware oppor¬ 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys- 


System Software Development — 
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family, Z8002 and 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 
hardware integration. 


terns functions include overall system defi¬ 
nition, design and customer interaction. 

To qualify for the positions listed above, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 

Ada Software Systems Engineers — In 
these positions you will design, implement 
and maintain software tools hosted on VAX/ 
VMS computer systems and written in Ada 
and “C” languages. Experience with design¬ 
ing and implementing compilers, linkers, 
debuggers and runtime libraries targeted to 
RISC architectures is required. A back¬ 
ground in Ada compiler support is highly 
desired. 


• Artificial Intelligence 

• VAX Systems Administration 

• Fiber Optic Pressure Sensors 

• EMl/HERF 

• Software Tools Development 


Make a career move. Honeywell offers 
you a competitive salary and benefits pack¬ 
age. All new employees are required to suc¬ 
cessfully complete a drug screening test. 
Send your resume and salary history, in con¬ 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 
(IEEE-E904), P.O. Box 21111, M/S I-17C, 
Phoenix, AZ 85036. 


Honeywell 


Additional opportunities are available 


Electronics Engineering — These posi¬ 
tions involve the development of new pro¬ 
cessor/bus architectures and specifications 


• CRT/LCD Display Technology 

• Avionics Systems Simulation 
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Ouch! Medical bills can get you where it 
hurts — your wallet. But comprehensive health 
care coverage can help ease the pain of those 
unexpected medical costs. 

If you’re an IEEE member who does not 
have basic major medical insurance where you 
work, are required to pay a large portion of the 
cost of your employer-provided plan, or are self- 
employed, you may want to consider the IEEE 
Comprehensive Healthcare Plan. It provides 
protection you, and your family, can depend on. 

The plan offers an unlimited maximum 
benefit, a choice of 3 calendar year deductibles 
and optional hospital room and board benefits. 
And, you can apply for coverage for yourself, 
your spouse and children — all at affordable 
group rates. Plus, unlike an employer-provided 
plan, this coverage will stay with you even if 
you change jobs. 


Let the Comprehensive Healthcare Plan 
help pay the bills when you’re injured or sick — 
so you don’t have to reach so far into your own 
pocket. 

Send the attached postage-paid reply card 
today for more information! (Or call the IEEE 
Insurance Administrator toll-free at 1 800 424-9883, 
in Washington, D.C. call 457-6820). 


Group Insurance for IEEE Members 
Designed by Engineers. For Engineers. 
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A hi-tech approach 
for grading meat 

Australian beef exporters and American 
hog researchers are benefiting from a 
labor-saving device first commerciaiiy 
available In 1985 for accurately measuring 
bodyfat in people. Both the Brisbane and 
the Purdue University, West Lafayette, Ind., 
groups are using a variant of the original 
electromagnetic scanner to measure the 


amount of lean tissue and the lean-to-fat 
ratio of each carcass or product container. 

Manufactured by Meat Quality Inc., 
Springfield, III., the US $85 000 system. 
Model MQ-25, can scan one carcass or box 
of meat every four seconds as it passes 
through a tunnel on a conveyor belt, ac¬ 
cording to Robert Funk, vice president of 
engineering. 

The carcass passes through an electro¬ 
magnetic field, where a detector measures 
changes in the electrical properties. Be¬ 
cause fatty tissue contains virtually no 
electrolytes compared to lean tissue, the 
detector can determine the amount of lean 
tissue and adjust it for the mass of the car¬ 
cass. The method in use before—visual 
inspection—was slower and less ac¬ 
curate. 

The original device, the Total Body Elec¬ 
trical Conductivity (TOBEC) from EM-Scan 
Inc., also In Springfield, has been used for 
nutritional studies by Marta Van Loan, a re¬ 
search physiologist at Western Human 
Nutrition Research Center, San Francisco, 
and some 20 other research groups. 


Zapping hearts 

About 3 out of every 1000 persons suffer 
from tachycardia, when their heart may 
beat three to four times faster than normal 
(60-80 beats per minute). In some cases 
the attacks are fatal. 

For about a year, a radio wave technique 
has been employed to treat two types of 
tachycardia by three medical professors: 
Jonathan Langberg, now at the Universi¬ 
ty of Michigan, Ann Arbor, but until recent¬ 
ly at the University of California in San 
Francisco: Warren Jackman at the Univer¬ 
sity of Oklahoma, Oklahoma City; and 
Fred Morady, also at Michigan, and their 
colleagues. Previously, doctors applied 
several kilovolts for several milliseconds 
to the heart through a defibrillator. 

22 


The approach, called RF catheter abla¬ 
tion, obviates surgery, pacemakers, medi¬ 
cation or the more painful defibrillator. It 
cauterizes areas of the heart to shut off the 
extra channels of electrical connection 
that cause the condition. In the procedure, 
a cardiologist inserts wires through a vein 
in the leg to various locations of the heart. 
After mapping the heart and taking inter¬ 
nal electrocardiogram readings from each 
site, he or she can narrow down the prob¬ 
lem area. 

Once the vicinity of the extra 
conductor is determined, the 
doctor places the wire at the 
site while watching an X-ray 
monitor. RF waves of 100 to 500 
kilohertz pass through the 
wires for 10 to 60 seconds to 
heat the tissue at the catheter 
end and destroy the conductor, 
said Langberg, an associate 
professor of medicine at the 
university. 

in the case of atrioventricu¬ 
lar nodal re-entry tachycardia, 
a normal path is split into two 
paths. With the more severe 
Wolff-Parkinson-White syndrome, the extra 
conductor Is apart from other conductors. 
As both conditions are congenital, many 
patients are young. 

The entire procedure takes two to four 
hours and requires 48 hours’ convales¬ 
cence. Surgery would require a week in 
the hospital and several weeks for recov¬ 
ery. The procedure Is considered investi¬ 
gational, so that patients are not yet 
charged fuil fees; but Langberg believes 
that it would cost about half as much as 
heart surgery. 

Using radio waves as a source is aiso 
more desirable than using a defibrillator 
for several reasons: It is safer, less pain¬ 
ful, and easier to control, Langberg said. 
“The old method was associated with in¬ 
frequent but potentially serious side ef¬ 
fects such as gas formation, explosion, 
perforation, and low blood pressure,” he 
said. 

Langberg, Morady, and their colleagues 
at the University of Michigan have cured 
about 85 percent of 170 patients In the past 
year. They hope to make the procedure 
available on an out-patient basis. 

One limitation of the approach is that it 
can cauterize areas up to 3-4 square mil¬ 
limeters only. For conditions such as ven¬ 
tricular tachycardia, in which an area the 
size of a dime is affected, the radio fre¬ 
quency treatment is not useful, said Lang¬ 
berg, who Is Investigating using a micro- 
wave antenna as a power source. 


Monitoring fetuses 

A Welsh company, Huntleigh Technology 
PLC, Cardiff, has developed a handheld 
fetal monitor for expectant women. Clin¬ 
ics in deveioping countries may aiso be in¬ 
terested in the pocket-sized monitor be¬ 
cause of its relatively low price, US $625. 
Full-sized versions, about the size of at¬ 
tache cases, detect fetal heartbeats as 



well as contractions and changes of elec¬ 
trical potential. They cost between US 
$4000 and US $11 000. 

Called Fetal Dopplex, the battery- 
powered device applies the same ultrason¬ 
ic technique as much larger versions 
found In hospitals. The monitor detects 
heartbeats in fetuses at ieast 10 weeks old. 
It displays the readings on a iiquid crystal 
display and amplifies fetal pulse sound 
through a built-in loudspeaker. The heart 
of a healthy fetus beats 120-160 times a 
minute. 

A spinoff of the fetal monitor is the com¬ 
pany’s Bidirectional Pocket Doppler, the 
first handheld flowmeter that allows doc¬ 
tors to diagnose varicose veins, venous ul¬ 
cers, and atherosclerosis. The device, 
which seils for US $750, indicates the ve¬ 
locity of f iow audibly, by pitch, and visually, 
by up to three arrows. The arrows also sig¬ 
nal the direction of flow. 


Controlled drying 

Radio frequency waves are also being 
used to dry plasterboard to perfection. 
Used in large sheets as a backing or a sub¬ 
stitute for plaster in walls, the material Is 
at present subjected to a 120-meter hot-air 
dryer that heats it to 250-600 °F (120- 
320 “C), often overdrying it and removing 
water from the gypsum in the material. 

The RF method was devised by Philip 
Schmidt, director of the Process Energet¬ 
ics Program at the University of Texas at 
Austin, and his colleagues. RF drying is 
being used commercially In preparing 
other products, such as food, plywood, 
and paper, but it is still in laboratory de¬ 
velopment for plasterboard, he said. For all 
these applications, RF heating is used in 
the final drying stage after hot-air drying. 

Schmidt, who is aiso director of the 
Texas Drying Research Consortium, used 
27 megahertz waves to dry the plaster¬ 
board. The waves do not affect the bound 
molecules in the gypsum, only the free 
water molecules, causing them to rotate 
quickly to generate energy for drying the 
material, so that overdrying was not a 
probiem. 

What will determine whether RF drying 
will be used commercially to prepare 
plasterboard is simple economics, 
Schmidt said. Compared to the products 
that are being dried by RF waves, plaster¬ 
board is cheap. A 4-by-8-inch (10-by-20- 
centimeter) piece of plasterboard costs 
only US $2.50-$8.00. Using electricity to 
dry the product for 5 minutes after 30 
minutes of hot-air heating by gas may not 
be economical compared to 45 minutes of 
just hot-air heating. On average, about 4-5 
percent of the plasterboard is lost using 
hot-air heating, Schmidt said. 

Schmidt and his colleagues are looking 
into other applications of RF heating that 
have more added value, such as pet food 
processing. 


Coordinator: Katherine T. Chen 
Consultant: Allan E. Alcorn, 

Apple Computer Inc. 
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For the past 200 years, the Constitution and 
the Bill of Rights have been the blueprint for the 
most productive system of government on earth. 
To copy it, you'll need another system that delivers 
just as reliably: The Lanier Copier System. It's 
guaranteed to be up and 


running 98% of the time. And you'll get a loaner 
for the time it's not. And you'll get a 24-hour-toll- 
free Hot Line for any questions. So for more 
productivity, call 1 - 800 - 852 - 2679 . And get up 
and running without a lot of red tape. 
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TECHNICAL L Y S P E A K I N G 


Just when you 
thought it was safe... 

The market for new, often nonsensical 
words has slowed down recently, having 
reached Its zenith In 1988, with gems like 
productization and nomenciatured. But 
things are looking up again. A recent 
speech by Dugald K. Campbell, vice presi¬ 
dent and general manager of Siemens Au¬ 
tomotive’s Sensor Systems Division, yield¬ 
ed three new “words” that he termed 
“paradoxes” of the globalization of the 
supplier industry. 

One of these is giocaiization, which 
refers not only to a company’s need to pro¬ 
duce in volume for the global market, but 
also to customize its products for local 
customers at nearby plants. Another, 
coopetition, describes relationships be¬ 
tween companies that compete but still 
cooperate to develop a technology useful 
to each; it also extends to joint efforts be¬ 
tween a company and a customer to de¬ 
velop a technology the customer tieeds, al¬ 
though the company Is forbidden from 
offering it to other customers. The third, 
technostriction, occurs when a company 
must choose from among many worthy 
technologies the one in which it will invest 
R&D funds and efforts. 

These are certainly paradoxes, but is it 
really necessary for them to be described 
in a single word, especially when that word 
needs considerable explanation? 


Pronouncing the unpronounceable 

With the ever-increasing use of abbrevia¬ 
tions in the electronics industry and other 
areas, the tendency to pronounce the bi¬ 
zarre “words” formed by the abbreviations 
has grown. Pronouncing them as words 
rather than saying each letter is usually 
shorter and less cumbersome and may 
make them a bit less intimidating. 

But some of the words turn out to have 
rather unsavory connotations. For exam¬ 
ple, the small-computer system interface 
(SCSI) is pronounced scuzzy, which is also 
a slang term meaning unkempt or disgust¬ 
ing. SDI, the abbreviation for the Strategic 
Defense Initiative, could be pronounced 
sidi or seedy, another word with unfavor¬ 
able connotations. The American Nation¬ 
al Standards Institute (ANSI) is called ansy, 
which sounds like antsy. 

But most of these words simply sound 
nonsensical or, at best, quirky. What-you- 
see-is-what-you-get (Wysiwyg) translates 
into wizzywig, which could perhaps be in¬ 
terpreted as an expression indicating ap¬ 
proval of one’s head-covering. The philos¬ 
ophy of not-in-my-backyard is nimby. Very 
high-speed 1C (VHSIC) becomes vissic. 
The Electronic Design Interchange Format 
(EDIF) is eedif, while the Initial Graphics 
Exchange Specification (IGES) becomes 
ijes (with a long i). But computer-aided en¬ 
gineering (CAE) could be pronounced say 
or kay. 

Some other abbreviations are pro¬ 
nounced as a combination of single letters 
and words. For example, dynamic random- 
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access memory (DRAM) is usually pro¬ 
nounced deeram rather than dram, a word 
meaning a small helping of a beverage. 
The Joint Test Action Group (JTAG) is spo¬ 
ken of as jaytag rather than jettag, a non¬ 
sense word like nimby. And the Product 
Data Exchange Standard (PDES) is pro¬ 
nounced peedes. 

There are some abbreviations, however, 
that would be all but impossible to pro¬ 
nounce. Take, for instance, the Very High- 
Speed Hardware Description Language 
(VHDL). What would it sound like? Vodei, 
perhaps? Let’s face it: some abbreviations 
cannot be improved by pronouncing them. 


A long time b.p_ 

The New York Times is generally consid¬ 
ered the newspaper of record—in the Unit¬ 
ed States, at least. If the Times does in¬ 
deed have a pervasive influence, then the 
abbreviation b.p. may soon become a part 
of the working vocabulary. 

Recently, b.p. appeared in a diagram ac¬ 
companying an article in the Times’ 
science section on the migration of giant 
ice sheets over the last 120 000 years. Its 
meaning? Before the present. The expres¬ 
sion is not used in the article itself, where 
just one word was used to convey the 
same meaning: ago. 


That’s the thanks you get 

A reader Edward W. Harding noted that in 
the Spectrum article, “A continent bound 
by wire” [August, pp. 58-59j, the task of cut¬ 
ting poles for the U.S. transcontinental 
telegraph system under construction in 
the early 1860s was described as thank- 
iess because of the lack of trees on the 
Midwestern prairies. 

Harding was understandably puzzled. ‘If 
the prairie was treeless, it might be an ex¬ 
tremely difficult task, it might be an impos¬ 
sible task, but how could it be a task for 
which one would get no thanks?’ he wrote. 
Indeed, thankiess does not convey the 
point the author was trying to make. Diffi- 
cuit might be a better word, as Harding 
suggested, or perhaps arduous or 
strenuous. 

Actually, Technically Speaking has no 
idea whether anyone thanked the pole- 
cutters but certainly hopes so. 


Driving writers crazy 

Those who write about automotive tech¬ 
nology are often seized with an irresistible 
urge to commandeer automotive cliches 
as metaphors for actions that would be 
described differently if the subject was 
something other than automobiles. A cou¬ 
ple seen recently are: 

• “Electronics: moving into high gear” 

• “Cars will take semis for a ride in the 
’90s” 

This publication has not been immune, 
either. A few headlines from iEEE Spec¬ 
trum include: 


• “Looking down the road” (automotive 
projections) 

• “The automobile: it’s the super-driver of 
both technology and society” 

• “Technology on wheels” 

Here is a handy list to scan next time 
you have to deal with an automotive topic: 

• takes a back seat 

• veering in new directions 

• putting the brakes on 

• shifting gears 

• careening 

• gets the green light 

• spins its wheels 

• runs out of gas 

Perhaps when you see these lined up to¬ 
gether like one big traffic jam, you may de¬ 
cide to take another route. It’s about time 
this overuse of automotive metaphors 
came to a screeching halt. 


A ‘quantized’ baby 

A Japanese solid-state researcher, who 
shall remain unnamed here, was chatting 
amiably with U.S. reporters at an interna¬ 
tional technical conference in the United 
States earlier this year. Unlike his col¬ 
leagues, the jovial young man lacked typi¬ 
cal Japanese reserve and was openly en¬ 
thusiastic about his work even though he 
spoke English haltingly. 

Then, perhaps tiring of all the questions, 
the researcher suddenly turned the tables 
on the reporters. “How many hours a day 
do you work?” he asked, pointing at each 
one. “And you? And you? And you?” 

The astonished reporters replied that 
they worked between eight and 12 hours 
a day, five days a week, and occasionally 
on weekends. 

Our Japanese physicist then said that 
he left home at eight o’clock in the morn¬ 
ing and went home about midnight. More¬ 
over, he kept this up seven days a week 
with the exception of spending one day a 
month with his family. Upon hearing this, 
the reporters all shook their heads and 
murmured sympathetically. 

The researcher said his wife recently 
gave birth to their second child, whom he 
saw as often as his schedule permitted. 

“My baby was ‘quantized,’ ” he said. And, 
then indicating the length of the baby with 
his hands, he said, “I saw her when she 
was this big, then this big, and then this 
big.” Our irrepressible physicist proceed¬ 
ed to inquire about the amount of time the 
reporters spent commuting to work, how 
they arranged to care for their children, and 
whether there were any good shows on 
Broadway. 

The next day, when the researcher 
presented his paper at a conference ses¬ 
sion, however, he was all business and all 
Japanese-style reserve. Perhaps the previ¬ 
ous day, the effects of the “water” that his 
colleague had ordered and that the wait¬ 
er had misunderstood as “vodka” had had 
an effect. 

Coordinators: Erin E. Murphy, Katherine T. Chen 
Consultants: Anne Eisenberg, Polytechnic 

University: Pamela McCorduck, Columbia 

University 
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In college, you would have killed 
for MathCAD. So why aren’t you 
calculating with it now? 



100,000 engineers and scien¬ 
tists already let MathCAD do 
their calculations for them. 

Now that college is far behind 
you, perhaps it’s time you graduated 
from spreadsheets, calculators and 
programming. 

Because in today’s working world 
of engineering and science, there’s 
no time for anything less than 
MathCAD. The so^are that lets 
you perform engineering and 
scientific calculations in a way 
that’s faster, more natural, and less 
error-prone than any calculator, 
spreadsheet, or program you could 



write yourself. 

Thanks to MathCAD’s live 
document interface’" you can enter 
equations anywhere on 
I i T i l| the screen, add text 
j ^ H to support your work, 
and graph the results. 
HSImII It also comes complete 
I commonly 

Mareh 14, uscd fimctions built right 

Sst ofTs in. Perfect for creating 

complex equations and 
formulas, as well as exponentials, 
differentials, cubic splmes, FFTs and 
matrices. 

You get three-dimensional 
plotting, vivid graphing, and the 
ability to import HPGL files from 
most popular CAD programs, 
including AutoCADf 

Done calculating? MathCAD 
prints all your analyses in 
presentation-quality documents, 
even on PostScript® printers. 

All of which has made MathCAD 
far and away the best-selling math 
software in the world. In fact, it’s 
used by over 100,000 engineers and 
scientists—including 31,000 
electrical engineers just like you. 

There’s MathCAD for the PC. 
MathCAD for the Mac, written to 


take full advantage of the 
Macintosh® interface. And a Unix* 
version that utilizes the speed and 
unlimited memory of your Unix 
workstation. 

We also have Applications Packs 
for Advanced Math, Statistics, 
Mechanical, Chemical, and 
Electrical Engineering. Each is a 
collection of adaptable mathematical 
models, designed to let you start 
solving your real world problems 
right away. 



For a free 
MathCAD demo 
disk, or upgrade 
information, dial 
I-800-MATHCAD 
(in MA, 617-577- 
i4l0I7). Or see 
®i*your software 


Available for IBM* compadbles, Macintosh 
computers, and Unix workstations. 

TM and ® signify manufacturer’s trademark or registered 
trademark, respeaivcly. 


1-800-MATHCAD 


MathCAD' 


U.K.: Adept Scientific 0462-180055; France: ISECEGOS1-16092768; Germany: Softline 07802-1036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692-7677; Italy: Channel 02-1229141. PEE 
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NAT4882 Controller chip 
-100% IEEE-488.2 compatibility 
-Optimized GPIB functionality 

- NEC pPD7210 and Tl 9914A 
compatibility 

-Bus line monitoring 
Turbo488 performance chip 
-1 Mbytes/sec data rates 
-FIFO buffers 

- Last-byte handling 

- Byte/word packing 

SCSI, serial, parallel Converters 
Full-function Analyzer 
Data Buffer (900 kbytes/sec) 
Extenders and Expander 
FCC certified 


Fligh-speed IEEE-488.2 routines 

Industry-standard NI-488’' functions 

FlP-style commands 

Use any popular language 
Windows 3.0 support 
Interactive development and 
configuration utilities 


Call for FREE Catalog 
(512) 794-0100 

(800) IEEE-488 (U.S. and Canada) 
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INSTRUMENTS 


MANAGING TECHNOLOGY 


Putting international 
patent data to work 

Results of a new study should dispel some 
of the skepticism many industrial 
managers have toward the usefulness of 
patent data in technology planning and 
analysis. 

Mary Ellen Mogee, a consultant and 
researcher based in Great Falls, Va., ana¬ 
lyzed statistically two technologies select¬ 
ed from “World Patent Index.” This on-line 
database is published by Derwent Ltd. in 
Great Britain and is available on Dialog 
and Orbit. Mogee found it was possible to 
use the data to: 

• Determine the stage of the life cycle a 
technology is in. 

• Distinguish clearly between a mature 
and an emerging technology. 

• Assess how much of the patent activity 
in a particular technology involves the 
United States, either as a source of inven¬ 
tion or as a market, and how much is going 
on outside of the U.S. patent system (in 
general, quite a lot, according to Magee). 

• Identify the most active areas of a tech¬ 
nology. 

• Identify companies doing the most im¬ 
portant work, as indicated by how often pa¬ 
tents are cited by other patents. 

• Identify the technological directions a 
particular firm is pursuing. 

• Recognize whether a firm continues to 
be active in a technology, has dropped out, 
or is a new entrant. 

(Some of these indicators have been spot¬ 
ted by previous patent studies.) Moreover, 
after performing her statistical analysis on 
the two technologies (a mature industrial 
chemical and the emerging sol-gel tech¬ 
nology), Mogee asked experts in the fields 
to evaluate her findings. 

They told her that her conclusions about 
sol-gel technology conformed “quite well” 
with their impressions, while the overall 
picture of the mature chemical conformed 
“moderately” to “quite well.” 

Although Mogee’s analysis was some¬ 
what less successful in identifying in¬ 
dividual firms, inventors, and markets, she 
told IEEE Spectrum that the technique is 
clearly useful in conjunction with such 
tools as technology forecasting, and can 
provide “strong hints” about future trends 
in a technology and the research direc¬ 
tions competitors are pursuing. Mogee 
also emphasized the importance of using 
international patent data. 

A report of Mogee’s findings has been 
prepared for her sponsor, the Center for In¬ 
novation Management Studies at Lehigh 
University. Copies are available from 
Mogee at 212 Carrwood Rd., Great Falls, 
Va. 22066. 


Reshaping organizations 

The downsizing frenzy of the 1980s has left 
many organizations with fewer managers 
to do the same amount of work—and in 
the same old ways. 

These organizations cut staff when they 


should have restructured the work itself, 
according to Robert M. Tomasko. Their 
cost-cutting efforts amounted to little 
more than “running a vacuum cleaner over 
the organization chart,” the Washington, 
D.C.-based organizational consultant told 
a recent executive forum run by Arthur D. 
Little Inc., of Cambridge, Mass. Today or¬ 
ganizations must examine the nature of 
the work they do and how they can do it 
better, Tomasko said. 

A critical step in this process will be to 
redesign jobs so that managers manage 
full-time while others—including former 
managers—concentrate exclusively on 
adding value as individual contributors. 

Tomasko examined more than 35 com¬ 
panies in the course of research he is 
doing for Lean, But Not Mean, a follow-up 
to his 1987 book. Downsizing. He has 
found that many middle-management jobs 
are “mules”—part management and part 
work better done by individual contri¬ 
butors. 

Engineering managers, for example, 
typically spend 35-70 percent of their time 
on design work. Another 15-30 percent 
goes on reviewing reports and other infor¬ 
mation, and relaying it up and down the 
organization’s communication channels 
without necessarily adding anything valu¬ 
able to this information. 

To escape this, Tomasko urges: 

• A more narrow definition of the job of 
management, especially middle manage¬ 
ment. Eliminate anything individual con¬ 
tributors and support people can do. This 
will lead to fewer managers, flatter or¬ 
ganizational pyramids, and greater spans 
of control. 

Although fewer, the managers will be 
able to spend 80-90 percent of their time, 
instead of 10-20 percent, as leaders, moti¬ 
vators, trainers, and coaches. 

As for the organizational pyramid, even 
the largest international corporation 
needs no more than seven to eight 
management levels. And each manager 
should receive 20-30 direct reports rather 
than three to five, while planning horizons 
should be measured in years, rather than 
weeks or even days. 

• Expand the two-track career ladder to the 
entire organization, so that all profession¬ 
als and specialists can choose between 
a meaningful management career path 
and an individual contributor one. 

• Redesign the organization’s information 
systems to link different functions more ef¬ 
fectively and free managers from much of 
their current information handling. 

• Streamline support and control func¬ 
tions, and let more of the functions be 
done by consultants, contractors, and ex¬ 
pert systems. 

The organizations that emerge from this 
kind of rethinking and restructuring will be 
more innovative, more cost-effective, and 
more likely to survive the 1990s. 


International tech transfer 

The globalization of technology puts a 
premium on a firm’s talent for transferring 
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technical know-how across national 
boundaries faster and more effectively 
than its competitors. There is a right and 
a wrong way of going about this, however. 

According to Robert T. Keller and Ravi 
R. Chinta, the wrong way is simply to rush 
in to foreign markets. The right way is to 
begin by recognizing that technology 
transfer is a process with barriers to the 
information flow as well as bonds, or 
bridges, that enhance that flow [Academy 
of Management Executives, vol. 4, no. 1, 
1990, pp. 33-43]. 

Keller is now a professor of manage¬ 
ment at the University of Houston in Texas, 
while Chinta is manager of business plan¬ 
ning at Sentron Medical Inc., Cincinnati, 
Ohio. From their study (done while they 
were at Louisiana State University in 
Shreveport), it was apparent that success¬ 
ful firms recognize the barriers and bonds 
peculiar to their situation and develop 
strategies for dealing with both. Such 
firms include IBM Corp., NV Philips, and 
General Electric Co., they said. 

Constraints may be imposed by the 
home or supplier country, as well as by the 
host or recipient country. Worries about 
jobs, competition, threats to national secu¬ 
rity, and “economic imperialism” produce 
barriers, as do a lack of compatible stan¬ 
dards and different cultural values. 

Bonds that facilitate technology trans¬ 
fer arise within a company or between or 
among companies. Bonds within a com¬ 
pany can be forged through strategies that 
create new products and processes or that 
redeploy existing ones. Each strategy has 
its variations together with advantages 
and disadvantages that it is vital to un¬ 
derstand. 

Bonds between companies includejoint 
ventures, licensing, and even cultural com¬ 
patibility between firms with similar or 
shared values; Japan, South Korea, Tai¬ 
wan, and Hong Kong, in particular, are 
receptive to transfer of electronics, auto, 
and steel technology because they value 
assertiveness and achievement in eco¬ 
nomic matters. 

Keller and Chinta observe that firms can 
create bonds by choosing the appropriate 
organizational design strategies and poli¬ 
cies for organizational control and human 
resource management. To give three ex¬ 
amples: 

• Multinational firms with a global matrix 
organizational design (in other words, 
functions in several countries working on 
one project team) transfer product and pro¬ 
cess technology across national bound¬ 
aries more successfully than more decen¬ 
tralized competitors. 

• Rotating people through different jobs 
in different international subsidiaries cre¬ 
ates a sense of community. 

• Placing manufacturing and sales units 
in one profit center, even though they are 
in different countries, creates a bond. 

Keller told Spectrum he plans to in¬ 
vestigate still another means of encourag¬ 
ing international technology transfer: 
locating a firm’s R&D facilities in more 
than one country. Japanese companies 
have done this extensively, as have some 
U.S. firms. 


Coordinator: Michael F. Wolff 
Consultants: Robert F. Cotellessa, Clarkson 
University; John Griffin, McKinsey & Co. 
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TableCurve 

One step fits 
22^ equations to^ 
your X-Y data. 
Automaticaily. 

In less than 
7 seconds.* 


With IhbleCurve'" finding the best formula to 
fit your data couldn't be simpler.. .or faster. 

■ Flexible Data Input - input from Lotus" 
dBase" ASCII and many other file 
formats, or manually from the keyboard. 

■ Data Manipulation - smooth data, 
weight data, or apply standard math 
calculations. 

■ Curve Fitting - 221 candidate equations 
including Gaussian, log-normal, sigmoidal, 
sine, and user-defined-ranked by best fit 
and interactively displayed. 


■ Speed* - an 8MHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.8 seconds. 

More powerful systems are much faster. 

■ Output - supports most dot-matrix 
and LaserJet” printers. Output directly 
to SigmaPlot 4.0'", Lotus, ASCII, and 
other formats. 

■ Quality Interface - pull down menus, 
mouse support and more. 

To find out more about TbbleCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 
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NOW YOU'LL HAVE f O BLAME 
SOMEONE ELSE IF YOU'RE LATE. 


S ay that a dog ate your 
pants. Or that you had 
a dental emergenq^. 

But whatever you say, 
don’t say it was because 
of Northwest Airlines. It’s not 
very likely, and truth is, no 
one will believe you anymore. 
Among the top five U.S. airlines, 
we have the best on-time 
performance this year. We 
know that in the dog-eat-dog 
world of business, sometimes 
there’s no excuse for being 
late. For U.S. reservations, 
call your travel agent or call 
Northwest at 1-800-225-2525. 
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Open questions on defense 

henever recession strikes the military/aero¬ 
space industries, we worry and wonder wheth¬ 
er we can live through the inevitable buffet¬ 
ing with less disruption than we did the last 

time around. 

The challenge is with us again. Can defense programs be 
reduced to an appropriate level with a minimum of distur¬ 
bance to the economy and limited trauma to management, 
professional, and factory personnel? This was one of the 
questions IEEE Spectrum sought to probe when it convened 
a roundtable of defense and economic experts recently in 
Washington, D.C. The panel was chaired by Allan C. Schell, 
chief scientist at Headquarters Air Force Systems Command, 
and its deliberations are discussed at length in this issue. 

The question is one faced not only by the United States, 
but by other world powers, too. The answer, if you are among 
the thousands of US. employees caught in force reductions, 
is undoubtedly a resounding “No.” The panelists, too, were 
not optimistic, but rather discussed ways of steering through 
difficult times—over a period of years—to emerge, one 
hopes, in reasonably calm waters. 

But can this be done in light of the unusually heavy over¬ 
head burden borne by the defense industry? In the United 
States, this has been estimated to represent as much as 30 
percent of the value of a contract. 

Accounting for a large part of that overhead are the 
military specifications and procurement regulations. 
Documentation and maintenance procedures also add to 
that outlay. Yet, given today’s situation, trailer-truckloads 
of contract documents may need to become a thing of the 
past. One panelist said that US. military companies would 
have to be taken apart and put together again to be com¬ 
mercially competitive. We often hear the statement today that 
professional and managerial employees in such companies 
may not be sufficiently entrepreneurial to survive in the com¬ 
mercial world. 

There was a time when military-grade components looked 


It’s the law 

C '- orporate law, contracts, patent rights, infringe¬ 

ments, and litigation have played an important 
role in the history of the electrical and electron- 
- ics industries. One need only mention Edison, 
Westinghouse, deForest, Armstrong, and Sarnoff to trigger 
a burst of reminiscences about serious, and sometimes bit¬ 
ter, legal disputes. Likewise, company histories are inter¬ 
twined with machinations involving the law. AT&T, RCA, 
GE, and IBM come instantly to mind. 

Contemporary inventors and recently founded corpora¬ 
tions are no less immune from legal concerns. In recent years, 
the issue of software patentability has added a new.layer of 
complexity to the field. 


little like their commercial counterparts, being intentional¬ 
ly overdesigned to withstand battlefield environments. This 
is still frequently the case, particularly for mechanical parts. 

But the Department of Defense is moving toward using 
off-the-shelf electronics, which can be as reliable, or even 
more reliable, than custom military parts, and orders of mag¬ 
nitude less expensive. The concept of specifying form, fit, 
and function so that electronic components can be produced 
using contemporary commercial devices is catching hold. 
This is in contrast to “build-to-print,” in which the tech¬ 
nology and configuration of a component is specified. 

Form, fit, and function, coupled with just-in-time 
manufacture, could reduce the costs and logistical complex¬ 
ity of stocking military spares, too. 

Unless military and aerospace industries can be made 
much more efficient, it is unlikely that depressions in mili¬ 
tary spending can be easily accommodated by adapting 
managerial and professional talents to commercid products, 
given the competitive and often cutthroat nature of the lat¬ 
ter. But the cost and efficiency gap might be closed, in part, 
through the simplification of the military procurement pro¬ 
cess, the use of more commercially built components, the 
adoption of just-in-time manufacturing procedures, and the 
application of concurrent engineering techniques to short¬ 
en time-to-deployment cycles. 

If such should happen, the mobility of engineers and 
managers between military and nonmilitary projects would 
be eased, and, one imagines, it would be easier to remobi¬ 
lize those talents for military purposes should the need arise. 

Also on the plus side of the conversion equation must be 
counted the vast resources resident in the 726 government/ 
military laboratories. “They’re a gold mine,” remarked one 
of the panel members. But to exploit them for commercial 
use might require private enterprise to ferret out the tech¬ 
nology, license it, and adapt it to commercial needs. 

These and other issues are addressed in the special report 
beginning on page 30. 


With this issue we begin a new column that addresses elec¬ 
trotechnology and the law. Called “Legal aspects,” the first 
column is written by Joel Miller (M) of Weil, Gotshal & 
Manges in New York City. Miller earned his B.S.E.E. from 
Lafayette College and his J.D. degree from the University 
of Miami, and is an associate in the firm’s technology and 
proprietary rights group. 

The topic, appropriately, is an analysis of the landmark 
software ruling in the Lotus Development Corp. v. Paper¬ 
back Software International case. 

If you find the column informative and useful, please let 
us know. 

—Donald Christiansen 
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SPECIAL REPORT 



HOW MUCH IS ENOUGH? 


The Cold War’s demise and the decline 
in U.S. military budgets, coupled with the 
danger of Third World conflict, as in the 
Persian Gulf, has created a time of 
wrenching change for the U.S. defense 
establishment. 

With less money, the country’s Armed 
Services must come to grips with defin¬ 
ing the type of fighting force they will 
have to develop to meet the challenges 
of the decades ahead. U.S. defense and 



aerospace companies must now learn 
how to do business in not only a smaller 
market, but one whose technical require¬ 
ments have changed. 

IEEE Spectrum examines the turbulent 
situation in this three-part special re¬ 
port. The military’s choices are present¬ 
ed first. Next come the transitional 
steps being considered by industry [p. 
33]. Finally, industry experts weigh the 
nation’s technology options [p. 37]. 


Toward smaller, more deployable 
forces, as lethal as can be 

When Jerry C. Harrison, a two-star general and aerospace en¬ 
gineers, was put in charge of the US. Army’s technology base, 
one of the first things he did was to convene brainstorming ses¬ 
sions in Fort Leavenworth, Kan., and Washington, D.C., to con¬ 
template warfare in 2015. 

Because of the thaw between the East and West, Harrison saw 
a major weapon that he had helped to create— the Pershing IIs— 
retired early by a 1987 treaty. With the collapse of the Berlin Wall 
last November, deeper cuts are in progress, except in Harrison’s 
area—technology on which weapons of the next century might 
be based. 

To guide today’s lab work, the 48-year-old major general 
gathered his top technologists and some US. field officers from 
regional hotspots for war gaming last June. Their main conclu¬ 
sion confirmed many experts’ basic view: as Harrison put it, his 
armed service is “going to be smaller, more deployable, and as 
lethal as we can make it.” 

Harrison could have been speaking for the US. Navy or Air 
Force as well (or, for that matter, for the Soviet military). Even 
though superpower enmity, the major impetus for the arms race, 
is being replaced by cooperation, harnessing the latest technol¬ 
ogy for a nation’s troops will probably remain in vogue as long 
as the world is perceived as a dangerous place. 

Many experts, including US. Government officials, urge a vig¬ 
orous military R&D program but a more selective moderniza¬ 
tion of items actually deployed. Yet if a military’s ultimate aim 
is to discourage war (and not merely to win the conflicts it is en¬ 
gaged in), introducing potent new weaponry, particularly at lower 
force levels, could be counterproductive. 

To reconcile such apparent differences in a potent but not too 
potent force is an unfamiliar challenge, but one critical to security 
if future rounds of arms control talks reduce forces to low levels. 

The North Atlantic Treaty Organization (NATO) accounts for 
perhaps half of the Pentagon budget, according to analysts. Most 

John A. Adam Senior Associate Editor 


of its weapons systems were designed to battle Soviet forces in 
Europe. Authorities like David C. Jones, former chairman of the 
Joint Chiefs of Staff, believe that “as we get down to it, there 
is no credible threat of conventional attack” in Europe. 

Regarding regional threats, US. strategists are as yet undecid¬ 
ed what to do, such as how quick a response is needed, notes Ivan 
Oelrich, a Washington, D.C. defense analyst. In this respect, he 
said, the Iraqi invasion was timely since it is one of the most stress¬ 
ful regional cases, jeopardizing the West’s oil flow. It also remind¬ 
ed the public that a powerful military is still required. But Oel¬ 
rich and Janne E. Nolan, a senior fellow at The Brookings 
Institution, Washington, D.C., agreed that in the near future the 
Third World will become no more threatening or dangerous than 
in the past. In short, it is no substitute for the diminished Soviet 
conventional threat. 

Strategic revisions 

The first US. defense budget of the post-Cold War era will 
be a compromise because the House wants more drastic cuts than 
the Senate, which wants more drastic cuts than the Administra¬ 
tion. Many believe that on the strategic level penetrating bom¬ 
bers, intercontinental ballistic missiles (ICBMs), and lots of car¬ 
rier battle groups are not as necessary as in the past. On the 
tactical level, many heavy forces designed for Central European 
combat are under attack. (The view of a bipartisan 11-member 
committee including former ex-Reagan Pentagon official 
Lawrence Korb and former Central Intelligence Agency direc¬ 
tor William Colby is indicated in the table on p. 32.) 

Even with a moderately rising defense budget, it would be dif¬ 
ficult to deploy the systems ordered during the Reagan adminis¬ 
tration buildup. With a constantly dropping budget, funds for 
procurement could dramatically shrink, since non-discretionary 
funds like military pensions will make up a greater portion of 
the smaller total. 

The Bush administration, reversing its intention of just a year 
ago to seek real rises in the Pentagon budget, now plans substan¬ 
tial cuts. Retired General Edward C. Meyer, who lamented the 
“hollow” Army he inherited as chief of staff in the early 1980s, 
said that a 25 percent cut over five years is feasible, even with a 
conservative “insurance policy” to respond to surprises. Other 
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groups, like a bipartisan one assembled by the Defense Budget 
Project, a private Washington, D.C., group, advocate a 50 per¬ 
cent reduction over 10 years. 

Such cuts may alter the way the Pentagon arms its forces. “The 
defense industry will have to be ready to produce, but not make 
anything,” said Lieutenant Colonel Robert Latiff, a Harvard 
University National Security Fellow. A vigorous R&D program 
and the mere potential to build—“shadow deployments”—will 
be a large factor in future deterrence, agreed Roger Hagengruber, 
vice president of Sandia National Laboratories, Albuquerque, 
N.M. 

Smaller sales could also mean exorbitant unit costs—but not 
necessarily. With less money to develop prototypes, advanced 
simulation will become critical to the evaluation of alternatives 
early in the R&D cycle and to exploring the leverage of new tech¬ 
nologies in war games, according to Eugene Gritton of the Rand 
Corp., Santa Monica, Calif. New technology might not be tacked 
hastily onto platforms until its own process engineering is per¬ 
fected, leading to lower costs and greater reliability of advanced 
weaponry, Latiff said. 

New manned platforms like tanks or aircraft will be rarer. “Sub¬ 
systems will replace subsystems for upgrades,” according to 
George Millbum, a former Pentagon technology official now at the 
Aerospace Industries Association of America, Washington, D.C. 

Because of the diminished potential for large sales, defense con¬ 
tractors may have less incentive to innovate on their own initia¬ 
tive. Charles M. Herzfeld, the Pentagon’s director of 
research and engineering, acknowledged he was concerned about 
this, adding it is even more reason for stable Pentagon R&D funds 
and greater efficiency in DOD laboratories. 

Further diffusion of technology worldwide, more integration 
of military with civilian technology, and slower modernization 
may make it tougher for “by far the most powerful country on 
the earth” to keep its technical military edge, said analyst Benoit 
Morel of Carnegie Mellon University in Pittsburgh. He added 
that the Pentagon’s “management of innovation now is very 
suboptimal.” 

Spending large amounts of money to get the last 10 percent 
of performance may be less critical now that likely future threats 


are neither as technically sophisticated nor as multifaceted as the 
Soviets’ were, said Matthew Bunn, associate director of the 
Washington, D.C.-based Arms Control Association. 

Sandia’s Hagengruber believes, however, that future regional 
conflicts, where quickly deployed US. forces may be outnum¬ 
bered, will still require qualitative superiority. 

That opinion is apparently shared by Pentagon leaders. Herz¬ 
feld, the DOD’s chief technical officer, told IEEE Spectrum in 
October that the Pentagon will “try to limit the reductions in 
science and technology as much as we can;’ but that such reduc¬ 
tions would probably occur. 

Certain niches of course may expand. Herzfeld is crafting a 
technology strategy for the 1990s with the help of the Pentagon’s 
Defense Science Board and the services. The top priority will be 
computing research, including massively parallel machines, com¬ 
munications within and between machines, and high-definition 
displays. Sensors for improving techniques for finding things will 
be the second priority, followed by materials research, said Herz¬ 
feld. He expects the full report by January. 

Trends and wishes 

Earlier this year, US. defense officials looked ahead 20 years 
and sketched out 12 goals to direct R&D. 

To aid deterrence and maintain military superiority, the Pen¬ 
tagon’s “Critical Technologies Plan” of March 1990 urges: 

• Worldwide, all-weather forces for limited warfare without the 
requirement for main operating bases (including a force that 
is logistically independent for 30 days). 

• Tracking of strategically relocatable targets. 

• Defense against ballistic missiles of all ranges. 

• Affordable space transport. 

• Substantial antisubmarine warfare advantages. 

• Global command, control, communications, and intelligence 
(C’ I) capabilities to include on-demand surveillance of selected 
geographical areas and real-time information transfer to top 
authorities. 

• Weapon systems that “deny enemy targeting and allow penetra¬ 
tion of enemy defenses” by managing signatures and electronic 
warfare. 

• Air defense systems to “overmatch threat systems!’ 

• Brilliant weapons that autonomously acquire, classify, track, 
and destroy a broad spectrum of targets. 

• Reduction of operations and support resource requirements by 



The US $43 million F-117A aircraft was the first weapon 
designed mainly to evade detection. The reduced Soviet threat, 
however, has brought increased scrutiny to bear on the pace at which to 
acquire new military technology like stealth. 


eployable forces, i 




50 percent without impairing combat capability. 

• Reduction of manpower for a given military capability by 10 

percent or more. 

• Enhancement of producibility and availability of future 

weaponry. 

Each service naturally has its own vision. One for the US. Army 
includes a force powered by electricity; robotic tanks and aerial 
vehicles and bionically enhanced soldiers with embedded chips, 
the ability to sleep when commanded, and exoskeleton systems 
allowing individuals to carry 400 pounds (180 kilograms) around 
the battlefield instead of only 100 pounds (45 kg). “Multispec- 
tral smoke” and variable obscurants also are alluring, said Har¬ 
rison. “You might say, ‘Okay, guys, today we’re going to shoot 
No. 49. Time in your goggles,’ to see but not be seen!’ 

The U.S. Air Force, in its 
Project Forecast II report, 
offers dozens of initiatives to 
maintain military supremacy, 
including “electronic associ¬ 
ates” to aid pilots and the 
possible stationing of robots 
on the moon. The U.S. Navy, 
in a report on ship charac¬ 
teristics in the year 2010, 
discusses everything from 
easily cleanable toilets “with 
adequate ventilation” to laser 
weapons, torpedo-killing 
drones, and microwave- 
beam guns. 

A post-Cold War empha¬ 
sis on lighter, more mobile 
forces means that, aside from 
advances in weaponry and 
sensors, training and com¬ 
mand-control are critical. 

Here simulation and com¬ 
puter and communications 
networks offer great poten¬ 
tial. Other safe bets are full¬ 
er use of the electromagnetic spectrum (for support and as a 
weapon) and faster, smarter, more accurate, and more lethal 
weaponry that further distances humans from the battlefield. 

Long-term stability amid change 

Coupled with improved I, some believe new generations of 
easily dispersed weaponry like terminally guided munitions from 
artillery and non-line-of-sight missiles can make prospects very 
poor for the massed armor of an attacker. 

Paul K. Davis, director of the Rand Strategy Assessment Cen¬ 
ter, part of a Pentagon think tank, envisions an East-West mili¬ 
tary stability in which both sides correctly believe that the de¬ 
fender is quite likely to prevail in a war. “The more this is truej’ 
he said in a report co-authored by colleague Robert Howe, “the 
less the pressure for an arms race (unless one nation is determined 
to be aggressive).” 

Each side can maintain security with reasonable defense bur¬ 
dens that are either constant or shrinking, “in significant part 
because the threats to be balanced are well understood and only 
slowly changing.” The reverse is also true: lack of an arms race 
contributes to military stability if the current balance favors the 
defense. Stability would also mean that in the event of invasion 
the defender would win, and that this situation would be unaffect¬ 
ed by moderate changes in forces, such as one side introducing 
a new generation of tank or having somewhat more troops than 
it ought, Davis explained. 

He called it “potentially quite dangerous” to scale down NATO 
forces if the Western alliance does not make fundamental changes 
in force posture, command-control, and operational strategy. He 
added, “Parity is no panacea,” pointing out that many wars have 


been fought at parity, and the defender has often lost. He sug¬ 
gested that before any pact is signed under the second round of 
talks of the Conventional Armed Forces in Europe (CFEII), the 
sides should enhance the stability of an eventual low force level 
regime by such “operational arms control” measures as: with¬ 
drawal of excess artillery ammunition beyond that needed for de¬ 
fense; constraints on high-readiness reserve units; constraints on 
out-of-area ground forces; and limits on certain types of large- 
scale exercises. 

The two sides could evolve to force postures with a smaller ratio 
of attack-suitable to defense-suitable weapons and units, while 
retaining high mobility and flexibility, Davis said. This might be 
aided by limiting types of mobile air defenses and avoiding se¬ 
vere constraints on transport helicopters, attack helicopters, and 
thinly armored personnel 
carriers, since these systems 
improve the defender’s mo¬ 
bility but are extremely vul¬ 
nerable in the opponent’s rear 
areas. (Non-offensive forces 
should lack, as a whole, the 
means for long-distance inva¬ 
sion operations.) 

Ex-Pentagon official Mill- 
burn also believes that “we 
have to make the use of force 
unattractive in the world,” 
but that a strong offense 
is required to deter attack. 
Richard Garwin, a military 
technology analyst and 
member of the Pentagon’s 
freewheeling Jason panel, 
said, “A posture which is 
less offensive is a good idea.” 
However, he is skeptical 
whether an inability to 
strike the other side can be 
maintained. 

Even if attainable, Nolan 
of Brookings believed that to make nonoffensive defenses feasi¬ 
ble there must be some level of mutual accommodation, some¬ 
thing unlikely in, say, the Middle East. 

End game for arms control? 

General Jones, acknowledging that the Warsaw Pact is irre¬ 
versibly dissolved, called for changing the approach to arms con¬ 
trol. “End-game” propositions are no longer pipedreams, so the 
nation should determine a desirable final level for stable, non¬ 
intimidating deterrence. This will never be a static because of tech¬ 
nical progress, he said, but instead of the military apparatus focus¬ 
ing on force destruction, it could focus on mutual security, and 
perhaps eventually even change the targeting in Europe. 

Due to the Gulf crisis and the new Soviet-U.S. cooperation, 
“the chance for arms control is better than it has ever been,” said 
Brookings’ Nolan. Bunn of the Arms Control Association argued 
that much deeper cuts in nuclear weapons and attack-suitable 
conventional forces should be on the table during the next rounds 
of arms talks. Operational measures of the kind favored by Davis 
and technological restraints to prohibit destabilizing new weapons 
should also be included, he said, mentioning antisatellite 
weapons, maneuvering warheads, and depressed-trajectory bal¬ 
listic missiles as candidates to be banned. 

Cases against unfettered technical development are being 
heard. Ex-Army chief of staff Meyer told Spectrum that some 
technology is destabilizing even if bilaterally deployed. He cited 
lasers that can blind optical surveillance, and another weapon, 
deployable today, that he declined to specify. Noting that it is hard 
to restrict lab research, he said there may be a way to curtail de¬ 
velopment of prototypes. 


Potential savings from weapons cutbacks 




Korb task force 

New military system 

Bush 

administration 

Cutback 

Savings, in 
billions of 
U.S. dollars 

C-17 Cargo Aircraft 

Build 120 

Cancel 

Up to $22 

Advanced Tactical Fighter 

Build <750 

Continue R&D 

Up to $62 

SSN-21 Submarine 

Build 28-30 

Cancel 

At least $30 

Forward Area Air Defense 
System 

Deploy 

Continue R&D 

Up to $9 

Advanced Medium Range 
Air-to-Air Missile 

Deploy 

Cancel 

Up to $7 

Advanced Tactical Aircraft 

Build 620-F 

Continue R&D 

Up to $47 

LH Light Helicopter 

Deploy 

Cancel 

$41 

ATACMS Army Tactical 
Missile System 

Deploy 

Cancel 

$1 

Joint Surveillance Target 
Acquisition Radar System 

Deploy 

Continue R&D 

Up to $5 

SRAM-T Short Range 

Attack Missile and FOTL 
Follow-On To Lance 

Deploy 

Cancel 

$2 


Source; Task Force o1 Defense Budget Project and the Committee for National Security (updated (ram March 1990) 
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Because much R&D has unforeseeable and multiple missions, 
only in certain areas (like the ban on biological weapons) would 
it be desirable to put an a priori ban on military research. San- 
dia’s Hagengruber believes that to avoid energizing the arms race, 
weapons could be assessed before being tested or deployed by 
their capacity to enhance stability. A similar approach, carried 
out by an international center, has been recommended by 
Manfred Muller, a United Nations disarmament advisor and 
department head of the (former) East German Academy for Po¬ 
litical Science, writing in the 1989 book. Conventional Arms Con¬ 
trol and East-West Security. 

Destabilizing qualitative improvements are potentially more 
serious in the strategic realm. As arsenals get smaller, a disarm¬ 
ing first strike becomes more feasible, noted Oelrich. But arms 
control can limit the so-called counterforce weapons, like cer¬ 
tain ICBMs, and leave more benign retaliatory forces, like 
submarine-launched missiles. The first round of the Strategic 
Arms Reduction Ihlks, Start I, will eliminate as much as 30 per¬ 
cent of strategic warheads by the end of the century. Start II 
negotiations would cut more, indicating that each side would have 
several thousand warheads. 

When each side has less than 3000 warheads, then the strate¬ 
gic defense phased-reduction approach may make sense, some 
believe. To help diplomacy keep pace with strategic technology, 
Bunn favors establishing yearly quotas on flight tests of ballistic 
missiles and a comprehensive ban on nuclear weapons tests. He 
conceded, however, that a lower threshold on nuclear bomb tests 
and quotas would be more politically acceptable and verifiable. 

The Persian Gulf notwithstanding, some say that invasions are 
losing their allure. Oerlich noted that occupying conquered ter¬ 
ritory is difficult nowadays. Kosta ISipis at the Massachusetts 
Institute of Tfechnology in Cambridge said that the utility of com¬ 
bat for changing the status quo is declining, witness Korea, Viet¬ 
nam, Afghanistan, and Iran and Iraq. 

If alternatives to war become preferable, unilateral disarma¬ 
ment may occur in many countries now spending high portions 
of their gross national product for the military, said Herbert York 
director emeritus of the Institute on Global Conflict and Cooper¬ 
ation at the University of California, San Diego. Already, as na¬ 
tional security embraces a broader scope than mere military 
might, the Pentagon is finding itself in nontraditional roles such 
as fighting drugs and forest fires. The “greening of the Penta¬ 
gon” is also described in a recent 10-year defense market fore¬ 
cast by the Washington, D.C.-based Electronic Industries Associ¬ 
ation as one area of opportunity, including work on hazardous 
wastes, strategic environment research programs, and nuclear 
production cleanup. To help offset the decline of defense work, 
MIT’s ISipis believes that the US. government should ask its con¬ 
tractors to devise new marketable techniques to monitor and con¬ 
trol the global enemy of pollution. National regulations and in¬ 
ternational pacts could then create a market for the antipollution 
and energy-efficient technology. Cooperation might be sought 
with the Soviet bloc. 

The United States spent trillions to win the Cold War, notes 
Brookings’ Korb. Now is not the time to be restrictive with tech¬ 
nology or grants to the Eastern bloc: “The enemy that we used 
to think was communism is now chaos,” he said. Recalling the 
enmity of the vanquished toward the victors in the US. Civil War 
and World War I, former Pentagon official Millburn said, “We 
have to do something” for the Soviet bloc. 

To probe further 

“Restructuring the US Military,” a March 1990 report by a 
joint task force of The Committee for National Security and The 
Defense Budget Project, both based in Washington, D.C.; “New 
Thinking and American Defense Technology,” August 1990, by 
the New York City-based Carnegie Commission on Science, Tech¬ 
nology, and Government; and “The Guns Fall Silent,” Institute 
for East-West Security Studies, New York, 1990, are among re¬ 
cent post-Cold War reports. “Conventional Arms Control: The 


Limits and Their Verification;’ by Ivan Oelrich (Center for Science 
and International Affairs, Harvard University, 1990) and “Arms 
Control’s Enduring Worth;’ by Matthew Bunn, Foreign Policy, 
Summer 1990, also merit study. 

The weekly Av/at/on Week and Space Technology and the news¬ 
letter Defense Week track modernization. The Bulletin of the 
Atomic Scientist in Chicago, and Arms Control Today, published 
by the Washington, D.C.-based Arms Control Association, cover 
arms control issues. 

The US. Congressional Office of Technology Assessment is 
preparing a background paper, due in 1991, on future defense 
technology and its requisite industrial base. 

The March 29,1990, testimony from the director of the Defense 
Advanced Research Project’s Agency is useful, as is the Penta¬ 
gon’s March 1990 report, “Critical Technologies Plan.” The paper 
“Planning for Long-Term Security in Central Europe” by Paul 
K. Davis and Robert D. Howe of the RAND Corp., Santa Monica, 
Calif. (202-429-4600), should be available by December. ♦ 

Suppliers are challenged to downsize 
gracefully as they seek to diversify 

As August gave way to September, weapons, fighting machines, 
electronics, and surveillance gear poured into the Persian Gulf 
region at a rate not seen since World War 11. Swarms of officials 
and journalists from all over the world scrutinized the materiel 
for clues to military advantages, capabilities, and intentions, and 
the unfolding crisis soon became as ironic as it was tense. The 
companies that produced the systems were for the most part lay¬ 
ing off workers, trimming their operations, and looking for non¬ 
military business opportunities. 

Such inconsistencies have become part of day-to-day opera¬ 
tions for many North American, European, and Japanese de¬ 
fense firms. In those regions, planned defense budgets will soon 
either reduce military spending significantly below current lev¬ 
els, or, as in Japan, cut back planned increases in defense 
spending. 

In the United States, for example. Secretary of Defense Dick 
Cheney has requested nearly US $78 billion to procure military 
systems in 1991, more than 9 percent below the 1990 budget for 
procurement, after inflation. Cheney requested just over US $38 
billion for research, development, test, and evaluation (RDT&E), 
a decrease of 0.9 percent from the 1990 level. 

The actual reductions imposed will in all probability be even 
steeper than those suggested by Secretary Cheney, since the US. 
Senate and House of Representatives have both proposed lower 
figures for procurement and RDT&E. According to Congressional 
sources, the Senate recommended US $67.4 billion for procure¬ 
ment and US $36.5 billion for RDT&E; the corresponding House 
figures were US $63.95 billion and US $34.8 billion. At press time. 
Senate and House members were in conference over compromise 
figures, as part of the extraordinarily Intense negotiations over 
the 1991 fiscal year budget. 

Defense companies hoping to offset the anticipated decline in 
US. sales by selling to European armed forces are likely to be 
disappointed. Most European nations are now planning to re¬ 
duce defense spending by proportions similar to, or greater than, 
those planned in the United States. 

But the Mideast military buildup, in response to Iraq’s inva¬ 
sion of Kuwait last August, has added a perplexing twist to what 
most observers had expected to be another relatively straightfor¬ 
ward military drawdown. Many top defense executives contacted 
by IEEE Spectrum early during the Mideast crisis were quick to 
cite the Iraqi action as the kind of tactical military situation that 
Western nations increasingly need to be prepared for, but that 
had received little attention during the decades-long Cold War. 

Glenn Zorpette Associate Editor 
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The U.S. Federal Avia¬ 
tion Administration’s 
ongoing multibillion- 
dollar effort to up¬ 
grade air-traffic-con¬ 
trol and weather¬ 
tracking equipment at 
major airports is 
providing business for 
many defense-oriented 


“The threats are shifting from Europe to the developing 
world,” said Wiliam Bardo, technical director of GEC-Marconi 
Ltd. in Stanmore, Middlesex, one of the largest European defense 
firms. “All of the Western nations are in a state of flux over this.” 

“Iraq is theoretically a Third World country, but they’ve got 
a million troops, MiG 29s, and some of the best tanks [Soviet 
T-72s] in the world,” added Robert G. Morra, vice president- 
technical operations at Martin Marietta Corp. in Bethesda, Md. 
“How far has peace really broken out?” 

In the United States, several defense firms have already 
benefited—or are expected to as soon as the Government ap¬ 
proves sales of aircraft, weaponry, and air-defense systems to its 
Mideast allies, particularly Saudi Arabia. McDonnell Douglas 
Corp., for example, was given approval in early September to sell 
24 F-15 fighter aircraft to the Saudis. The massive US. airlift of 
troops and equipment to the region could also bolster the St. 
Louis, Mo., firm’s C-17 transport plane project, which had been 
plagued by schedule and cost overruns and had been severely cut 
back by Cheney. 

All told, the Bush administration was considering allowing the 
sale of some US $21 billion worth of military systems, including 
some relatively advanced ones, to the Saudis. This package would 
include dozens or hundreds of helicopters, trucks, tanks, mis¬ 
siles, rocket launchers, and other armaments. In mid-October, 
however. Administration officials were reportedly planning to 
pare down the package to appease members of Congress who were 
alarmed over the possibility that the advanced weaponry could 
in the future fall into the wrong hands and be used against US. 
or Israeli forces. 

Strategies vary 

Despite scattered reports of such sales and the prospect of more, 
depending on developments in the Gulf, most defense executives 
doubt that the windfall will amount to more than a brief rever¬ 
sal of an otherwise downward economic trend. The Gulf crisis 
“has certainly perturbed the system,” said Henry L. Bachman, 
vice president of engineering at Hazeltine Corp. in Greenlawn, 
N.Y. “But I think in the long term it is not going to change the 
thrust of the Defense Department’s plans to consolidate.” 

Defense contractors apparently agree; most have formulated 
far-reaching strategies to cope with the downturn, starting with 
staff reductions. Virtually all major defense firms have begun 
laying off workers or have announced plans to do so. In one of 
the most significant recent announcements, the Groton, Conn.- 
based Electric Boat Division of General Dynamics Corp., maker 
of the Navy’s Los Angeles-class and IHdent submarines, said 


in September it would dismiss 1000 workers by the end of the year. 
The company predicted that layoffs could reach 4500, or half of 
its total workforce, by 1995. Just about all of southern Califor¬ 
nia’s aerospace giants, including Lockheed Corp., Hughes Corp., 
Northrop Corp., and Rockwell International Corp., have also an¬ 
nounced major staff reductions [see “Reemployment assistance,” 
Spectrum, November 1989, p. 52]. 

In addition to these reductions, many defense companies plan 
to diversify into, or expand their share of, nondefense work and 
contracting. Others, notably General Dynamics and Northrop, 
do not. “We are concentrating on transitioning important proj¬ 
ects, like the B-2, into production,” explained Northrop 
spokesperson Sally Koris. 

Defense analysts and executives, including those seeking non¬ 
defense business, have few illusions about the difficulties defense 
firms face in competing outside their traditional markets. “A lot 
of defense contractors have tried to diversify, more often than 
not without a lot of success,” Bachman noted. 

During the defense industry decline after the Vietnam War, 
many U.S. defense contractors tried to enter commercial mar¬ 
kets. Rolm Systems in Santa Clara, Calif., now owned by Sie¬ 
mens AG, began as a maker of rugged military computers but 
transformed itself into the United States’ third largest producer 
of private branch exchanges (PBXs). However, more typical ex¬ 
periences were those of Boeing’s Vertol division near Philadel¬ 
phia and the Grumman Corp. in Bethpage, N.Y. 

Both made ill-fated forays into the transportation business, 
Boeing by manufacturing light-rail cars, and Grumman by pur¬ 
chasing the Fbdble Bus Co. of Delaware, Ohio (acquisition of 
a nondefense firm remains a popular method of entering com¬ 
mercial markets). Boeing’s rail cars were put to use in Boston, 
where they were so unreliable at first that the Massachusetts Bay 
Transportation Authority and others filed lawsuits, leading to 
Boeing’s exit from the business. Grumman sold the bus compa¬ 
ny just five years after buying it in 1977. 

Studies over the years have identified numerous reasons for 
this dismal record. A recent report by the Washington, D.C.-based 
National Commission for Economic Conversion and Disarma¬ 
ment, a nonprofit educational organization, noted that “mili¬ 
tary technology is increasingly applied and specific in character 
to military needs” and thus of “limited use for civilian markets. ” 

Also troublesome is the entrenched culture at large defense 
firms, where products are typically built under sole-source con¬ 
tracts. The need to achieve unusual performance or high relia¬ 
bility under extreme environmental conditions, relative to those 
of commercial products, often results in relatively high cost. 
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Another problem, observed A1 Frascella, a spokesman for 
TRW Inc.’s Systems Integration Group in Fairfax, Va., is that 
defense companies have relatively high fixed expenses, which sup¬ 
port the extensive paperwork that surrounds Government con¬ 
tracts. Such overhead makes it difficult or impossible to com¬ 
pete with commercial firms, and can make it necessary for a 
company to spin off a separate subsidiary without the overhead 
to perform all but major jobs. 

Finally, defense firms are also hindered in commercial mar¬ 
kets by a lack of distribution networks, service organizations, and 
brand recognition. “Market positions are earned by years of ser¬ 
vicing markets, developing and expanding niches based on un¬ 
derstanding requirements, tastes, and the other factors that shape 
consumer preferences,” said Weyman B. (“Sandy”) Jones, vice 
president of public affairs at Grumman. “The notion that just 
because a company can make something it can make a business 
of it is naive, but this notion underlies the talk—and proposed 
legislation—for conversion.” 

Lessons learned 

Defense executives planning to diversify are doing so with the 
past very much in mind, and with far more caution than in the 
mid-1970s. “This time around, many of the aerospace compa¬ 
nies remember that diversification was a lot tougher than had 
been anticipated,” said Miriam Reed, a spokesperson for Grum¬ 
man. “They’re sticking a lot closer to the things they know some¬ 
thing about.” 

One of those things is dealing with the Government. When the 
Bureau of Land Management in the US. Department of Interi¬ 
or decided recently that it needed a computer-based system to 
automate its land records, it soon found that it could choose from 
among several of the country’s top defense contractors to build 
the system. Although a formal request for proposal (RFP) has 
not yet been released, TRW, Martin Marietta, Hughes, and other 
defense firms have expressed interest in the project, called Almars 
(Automated Land and Mineral Record System). 

The US. Postal Service, which is trying to automate by 1995, 
also stands to benefit. Martin Marietta has won two contracts 
totaling US $190 million to build machines to sort bar-coded let¬ 
ters at a rate of 36 000 pieces per hour and large envelopes and 
periodicals at 10 000 per hour. A third contract, not yet award¬ 
ed, is for systems to sort mail into an order corresponding to let¬ 
ter carriers’ routes. 

The rub, according to one contractor who asked not to be iden¬ 
tified, is that many nontechnical Government agencies, such as 
Land Management and Housing and Urban Development, are 
unaccustomed to asking for technical proposals. Testimony be¬ 
fore the House Government Operations Subcommittee on 
Agriculture last Sept. 18 revealed that the Department of Agricul¬ 
ture had paid almost US $62 million for a computer system that 
was originally projected to cost US $7 million. The contractor, 
Arthur Andersen & Co., Chicago, blamed the discrepancy on in¬ 
structions it had received from the Agriculture Department, which 
the company called “vague.” 

“Many nondefense agencies don’t really know what it is they 
want to do,” Spectrum’s, source said. “They’re not as specific. 
They don’t know what’s out there. So their RFPs tend to be vague. 
It makes it tough to estimate price,” said the source, who has 
dealt with Government agencies both inside and outside the de¬ 
fense establishment. 

Other nondefense Government agencies—notably the Feder¬ 
al Aviation Administration (FAA) and the National Aeronautics 
and Space Administration (NASA)—are somewhat more at home 
with technical proposals. Many defense-oriented firms are already 
participating in NASA’s space station project, and are hoping 
for a role in the proposed manned voyage to Mars. They antici¬ 
pate other opportunities in connection with the wide-ranging Mis¬ 
sion to Planet Earth, a planned deployment of a series of earth- 
observation satellites and sensors. 

The FAA, which in 1981 initiated a US $15.8 billion, nation¬ 




wide upgrade of weather and air-traffic systems at US. airports, 
has been a major source of nondefense income for a number of 
contractors, including Martin Marietta, TRW’s Space and De¬ 
fense Sector, and Norden Systems, the Norwalk, Conn.-based 
defense electronics and radar subsidiary of United Technologies 
Corp. Under a series of contracts worth about US $800 million, 
Martin Marietta is serving as overall system engineer and integra¬ 
tor for the FAA plan, now known as the Capital Investment Plan. 
Marietta has also won smaller contracts for similar work in Cana¬ 
da, France, and Australia. 

Many of the roughly 90 major programs in the Capital Invest¬ 
ment Plan involve radar technology. Earlier this year, Norden in¬ 
stalled the first of a series of radar-based systems for monitor¬ 
ing activity on runways at Greater Pittsburgh International 
Airport. The systems evolved from Naval radar technology de¬ 
veloped by Norden for search and navigation. 

Another 29 of these Airport Surface Detection Equipment sys¬ 
tems are scheduled to be installed at US. airports over the next 
several years under a US $100 million FAA contract. Norden re¬ 
cently won a follow-on contract to add automatic collision- 
avoidance systems, which will sound alarms in the control tower 
when aircraft or airport vehicles come too close to one another 
on runways. 

One of the largest FAA projects is the multibillion-dollar Ad¬ 
vanced Automation System, the next-generation air traffic con¬ 
trol system being built by IBM Corp. TRW’s Systems Integra¬ 
tion Group is also working under contract, advising the FAA, 
evaluating IBM’s work, and performing related tasks, such as 
writing and testing software. TRW has also moved aggressively 
into the security field, providing the New York Stock Exchange 
with a computer-based system that controls access to the build¬ 
ing and various parts of the exchange, such as the trading floor 
and observation galleries. The company hopes to sell similar sys¬ 
tems to operators of embassies and airports (it is now doing 
studies for an airport in Japan), according to Frascella. 

System recognizes speaker in four seconds 

Relatively small defense firms are also looking for nonmili¬ 
tary contracts. Electronic Warfare Associates, a privately held 
Vienna, Va., firm founded in 1977, has developed a crisis manage¬ 
ment system that it hopes to sell to the FAA, the Federal Bureau 
of Investigation, and others. The system allows agents coping with 
a crisis—a hijacking, bank robbery, or hostage situation, for 
example—to enter relevant data as it unfolds into an IBM PC 
AT computer. 

As the data are entered, a record of the event is created, with 
all developments logged with the time they took place. After the 
crisis, the entire record can be archived to a floppy disk and stored 
for future use, during a court trial or an internal investigation, 
for example. The company recently developed a portable com¬ 
mand center for the system that fits in three large briefcases. 

Another system for which the company has high hopes is a 
PC-based language- and speaker-recognition system. Based on 
a Texas Instruments TMS320C30 digital signal-processing chip, 
the system can recognize a human voice in 2 to 4 seconds after 
recording and analyzing a 30-60-second sample of that voice, ac¬ 
cording to program manager Richard B. Friedel. The system iden¬ 
tifies the most common phonemes and other speech characteris¬ 
tics, and works independently of the words and language spoken. 
The latter feature is important when the subject is uncoopera¬ 
tive, Friedel noted. The voice may be live, recorded, or transmit¬ 
ted by telephone or radio, he added. 

Although the US $35 000 system was originally developed for 
military and intelligence agencies, Friedel is trying to market it 
for applications in telecommunications, security, and law enforce¬ 
ment. The first buyers of the system are two Canadian Govern¬ 
ment agencies, he reported. 

Another recently formed commercial venture will offer diverse 
applications of bar-coding for use in factories, warehouses, trans¬ 
portation facilities, and the like. The company has also just 
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opened a factory in Beckley, W. Va., to manufacture printed- 
circuit boards with surface- or conventionally mounted ICs; al¬ 
though oriented to Government work, the company will active¬ 
ly seek commercial users, Friedel said. Norden, too, is seeking 
commercial users for its military-developed surface-mounting and 
robotic component-placement technologies, a spokesman said. 

Two phases 

Electronic Warfare Associates’ two-phase approach—seeking 
nonmilitary contracts first and then nongovernment, commer¬ 
cial work—is a common strategy. Indeed, the ability of defense 
firms to succeed in nongovernment markets is increasingly regard¬ 
ed as healthy from a corporate as well as national standpoint. 

To some observers, the alleged decline of US. national com¬ 
petitiveness can be accounted for partly by the fact that a vast 
number—about a third, by most estimates—of the country’s en¬ 
gineers and technical workers have defense-related jobs that do 
not directly advance national competitiveness. These observers 
say that the United States must use the current period of reduced 
tension between the superpowers to repair its infrastructures and 
redirect more of its technical talent to advancing technologies crit¬ 
ical to competitiveness. 

“I am calling for a serious conversion to civilian production,” 
said Seymour Melman, professor emeritus of industrial engineer¬ 
ing at Columbia University in New York City and chairman of 
the National Commission for Economic Conversion and Disar¬ 
mament. “What’s going on around here is a continuing decay 
in the capacity for production in the main capital-goods produc¬ 
ing industries [heavy-equipment, machinery, and so on]. That 
kind of production isn’t replaced by a mission to Mars.” 

However, the scarcity of successful commercial products de- 



Martin Marietta technicians test a prototype mail-sorting system 
built for the U.S. Postal Service. Under a US $138 million con¬ 
tract, the Bethesda, Md.-based company is building 614 of the 
machines, which sort bar-coded mail. 


rived from military technology and produced by defense-oriented 
firms seems to indicate the difficulty of such a transition. To the 
surprise of some defense executives, commercial success often 
depends almost solely on factors like marketing, manufacturing, 
and customer service, rather than technical prowess or R&D. 

One of the more impressive recent successes is GEC-Marconi’s 
direct-broadcast by satellite (DBS) business, which makes anten¬ 
nas and low-noise converters for home reception of satellite-tele¬ 
vision signals. The company’s product is based on its military- 
derived microwave radio technologies. In less than three years, 
GEC-Marconi has become the world’s largest supplier of anten¬ 
nas for DBS reception, producing 50 000 per week. 

Len Ogier, assistant managing director of Marconi Defense Sys¬ 
tems Ltd. and head of GEC-Marconi’s civil microwave business, 
told Spectrum that one of the most critical challenges was “ac¬ 
climatizing ourselves to the business and adapting to a commer¬ 
cial environment. ” Compared to its military projects, he added, 
the technology involved was “fairly conventional.” 

The company’s interest in the market began with the launch¬ 
ing of two European DBS satellites in the late 1980s. At that time 
no European companies were producing DBS antennas in high 
volume, but many companies were doing so in Japan, Thiwan, 
Korea, and the United States. GEC-Marconi began a preliminary 
development program, and received its first orders one Friday 
afternoon in the summer of 1988. By the following Monday, Ogier 
recalled, a team had been set up consisting of design, purchas¬ 
ing, and product specialists. “We just cleared an area and put 
those people in it and set up a business,” he reported. 

Recognizing the company’s capabilities—and limitations— 
was important. “Where we believed we had the expertise, we made 
use of it. But we were not too proud to use the expertise of other 
companies that had something to contribute, particularly in the 
area of volume production.” An auto-parts firm, for example, 
was tapped to manufacture some of the antenna’s components. 
But GEC-Marconi engineers designed the antennas and all cir¬ 
cuitry, winning a few patents in the process. “They actually saw 
their products being used, and it was a great boost to them,” Ogier 
said. “They got personally involved when something went 
wrong.” All of the engineers were accustomed to working on de¬ 
fense systems that they rarely saw after the systems were deployed. 

The company also needed a larger sales, marketing, and cus¬ 
tomer service operation. Since many buyers had their own money 
at stake, a higher level of responsiveness was required than is stan¬ 
dard in military contracting, where sales are typically governed 
by competitive bidding, personal relations, or politics. 

Emboldened by the success of its DBS business, GEC-Marconi 
is now considering many other commercial possibilities, Ogier 
said, none of which have been made public. Before the compa¬ 
ny will commit significant funds to a venture, it performs a busi¬ 
ness assessment, identifies applicable technologies, and then out¬ 
lines a plan. “Frankly, not many make it to that stage,” Ogier 
said. “We’ve got to believe we’ve got something important to offer, 
such as breadth of systems understanding, or a specific techni¬ 
cal area we can apply. Overall, the systems understanding has been 
a benefit in terms of making proposals. We can not only sell the 
product, but we can also support the complete system in which 
we sell the product.” 

This systems competence is a strength that can set a defense 
contractor apart from competitors more at home in the commer¬ 
cial world, Ogier added. GEC-Marconi recently built a multichan¬ 
nel video system to redistribute DBS signals from a central hub 
throughout a residential area. One reason why the company won 
the contract, Ogier theorizes, is that it considered tradeoffs in 
the entire system, and was able to explain and make a persuasive 
case to the customer for each tradeoff. 

TRW spokesman Frascella agreed, adding, “You won’t find a 
TRW trying to make airplanes, but you may find an airplane com¬ 
pany trying to do what we’re doing [systems integration]. 

“There are lots of commercial jobs out there,” he concluded. 
“You just have to find the niche where you fit best.” ♦ 
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Expert observers: defining 
national technology options 

To gain further insight into the problems with which reduced Fed¬ 
eral budgeting confronts the U.S. Department of Defense (DOD), 
IEEE Spectrum asked industry executives to discuss the situa¬ 
tion as candidly as possible. The following article presents the 
highlights of a meeting that took place in Washington, DC., in 
mid-September. 

Taking part in the discussion were: 

Robert S. Cooper, president of Atlantic Aerospace Electron¬ 
ics Corp., Greenbelt, Md., former head of the National Aero¬ 
nautics and Space Administration’s Goddard Space Flight Cen¬ 
ter, former director of the Defense Advanced Research Projects 
Agency; 

D. Bruce Merrifield, a consultant to the American Electron¬ 
ics Association in Washington, D.C., former assistant secretary 
of commerce for productivity, technology, and innovation, and 
Walter C. Bladstrom professor of management at the Wharton 
School of Business, University of Pennsylvania, Philadelphia; 

David Mowery, associate professor in the business and public 
policy group of the Walter A. Haas School of Business, Univer¬ 
sity of California at Berkeley; 

Allan C. Schell, chief scientist. Air Force Systems Command, 
Andrews Air Force Base, Md., who asked the questions and 
helped set the agenda. 

Also contributing their views following the discussion were: 

George Heilmeier, senior vice president and chief technical of¬ 
ficer, Texas Instruments Inc., Dallas; 

Malcolm R. Currie, chairman of the board and chief execu¬ 
tive officer of Hughes Aircraft; 

AlexMintz, Cullen/McFadden professor of political econo¬ 
my at Texas A&M University, College Station, Texas. 

Schell: In the early 1970s, when the aerospace industry went 
into recession, we saw numerous attempts of companies convert¬ 
ing to civilian technologies, many of which were unsuccessful. 
What is the response of industry today to defense budget 
cutbacks? 

Cooper: The CEOs [chief executive officers] I’ve been in con¬ 
tact with don’t believe the Government is taking a responsible 
position in helping direct what happens to the defense industry. 
Government is taking pretty much a laissezfaire attitude and let¬ 
ting the chips fall where they will. 

That’s a problem for people in [the aerospace] industry because 
they really would like to know that there’s an intellectual force 
guiding what will be happening over the next 5-10 years. No direc¬ 
tion is coming out of the Pentagon or the White House. 

For example, the defense budget this year was not in any way 
hooked onto the geopolitical forces at work in the world. It was 
just more of the same, and it was restructured only after it was 
delivered to Congress. People in the industry know that there are 
major problems coming, and they believe that in many ways 
they’re being hung out to dry. 

Merrifield: I hope to see leadership coming out of Darpa 
[Defense Advanced Research Projects Agency] more than from 
anyplace else, particularly for next-generation systems. It was a 
terrible shame to lose Craig Fields [former head of Darpa and 
now president of the Microelectronics and Computer Technolo¬ 
gy Corp. consortium in Austin, Texas]. But quietly, I think, Darpa 
is continuing to set a direction. 

There’s been such a backlash with Craig’s loss that maybe we 
[in industry] have more freedom than we realize. Perhaps we 
should take the initiative to work with Darpa to begin to struc¬ 
ture a strategy. 

The aerospace industry has, of course, been at the leading edge 
of almost every advanced technology. It has been driving materi- 
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als, electronics, everything. These areas have been essential not 
just for aerospace, but for the whole U.S. economy. 

The key point is to keep an eye on what is coming down the 
road. New high-temperature superconductors could revolutionize 
a lot of things. By the end of the decade, we’re going to see elec¬ 
tric vehicles begin to challenge the internal combustion engine. 

We should try to get a dialog between industry and various ele¬ 
ments of the bureaucracy, not only Defense but the Commerce 
Department, too. We should have a coalition of agencies really 
behind the technologies that are important to the nation. 

It will take private sector initiatives to do that. That’s one of 
industry’s failures—we haven’t taken the initiative. We should de¬ 
velop task forces around certain areas with the objective of stra¬ 
tegic intervention in Commerce and Defense operations. 

Consolidation to come 

Mowery: On the civilian side, the airframe industry has be¬ 
come internationalized. Are the major defense contractors mov¬ 
ing into more of a risk-sharing subcontracting relationship, or 
considering it, with U.S. airframe makers, [Europe’s] Airbus, and 
Japanese consortia? 

Cooper: There is a lot of interaction both here and abroad. 
The leading aerospace companies make parts of one another’s 
airplanes. I think there will be a very big consolidation of the 
major military airplane makers over the next 5-10 years, as well 
as other consolidations in the defense industry. 

What will happen depends, of course, on the defense budget. 
It could go to about two-thirds to three-quarters of its current 
US $300 billion in outlays and level off there over one five-year 
defense plan cycle. Or, the peace dividend people on Capitol Hill 
could take it down to US $150 billion a year. 

But a large fraction of the defense budget goes for nondiscre- 
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tionary items like retirement pay. A 
US $150 billion budget works out to 
probably US $100 billion a year for 
maintenance of forces, R&D, and 
procurement. That would virtually 
disarm the nation in a very short 
time. 

I don’t see that happening. We’ll 
have substantial reductions down to 
yearly outlays of US $200-$225 bil¬ 
lion. We’ll maintain our strategic 
forces at a level to continue deter¬ 
rence against major nuclear powers, 
and we’ll restructure our land and 
sea forces to have the mobility to re¬ 
spond to regional crises around the 
world. 

Given that, I see major restruc¬ 
turing of aerospace organizations of 
10 000 employees and US $1 billion 
in sales. I am most concerned about 
what will happen to small compa¬ 
nies like mine, with 100 folks up to 
maybe a few thousand. These com¬ 
panies make most of the major in¬ 
novations in defense electronics and 
aerospace technologies. They are 
also the ones that determine the long-range future by creating 
new options and opportunities. 

The Government should strongly interact with the major aero¬ 
space companies and help them restructure so there are no great 
dislocations and personnel problems. We must not waste the 
resources represented by all that brain power. Perhaps the best 
thing is to provide individual worker support programs, retrain¬ 
ing, relocation, and things of that sort, and let the industry shake 
itself out. 

Mintz: Actually, during the period of decline in military 
spending after the Vietnam war, U.S. foreign military sales took 
up some of the slack. Sales of older-generation equipment grew 
in the mid-seventies from US $1.5 billion to US $14 billion an¬ 
nually. That substitution effect is evident now in sales to Saudi 
Arabia. Even if there are severe cuts in the defense budget, for¬ 
eign military sales are likely to ameliorate their impact. 

Another factor now is that the dependence of most compa¬ 
nies on defense spending is not as severe in terms of the propor¬ 
tion of their sales as it was in the early seventies. Although the 
impact on certain companies will be substantial, the effect on 
the economy in general will not be immediate, and it will also 
not be direct. In other words, spending cutbacks will have a great¬ 
er influence on other economic elements—such as investment— 
and these will affect the future growth of the economy. 

It could have been worse for the defense industry. A proposal 
by the Brookings Institution [Washington, D.C.], for example, 
recommended even deeper cuts in military spending than Con¬ 
gress wanted. 

The situation in the Middle East and Eastern Europe means 
there has to be some change in the DOD’s distribution of 
resources. There will be new emphasis on logistics, antimissile 
and antiaircraft, and verification systems, and less emphasis on 
SDI and big ticket items such as the B-2 Stealth bomber. Politi¬ 
cally sensitive systems (such as the V-22 Osprey) are likely to be 
protected by Congress despite the Defense Department’s attempts 
to kill the project. 

Mowery: The U.S. Federal government, almost alone among 
industrial countries, provides little assistance to individual work¬ 
ers for restructuring. Historically, we’ve helped “trade-impacted 
industries” and almost nothing else except for the Job Training 
Partnership Act. For defense, autos, the steel industry, there’s been 
very little strategic, well-planned assistance. 

The interesting possibility exists of an increase in foreign ac- 



Allan C. Schell: From the startdpoint of 
surveillance and intelligence, it is no 
longer just knowing what the Soviets have. It 
is knowing who sold what to whom 
and when, and where is it now. 


I quisitions of U.S. companies, par- 
I ticularly of second-tier firms and 
I even of one or two at the prime con- 
^ tractor level. A committee does 
I exist—the Committee on Foreign 
Investment [an interagency govern¬ 
ment committee chaired by the 
Secretary of the Treasury]—with 
power to review such acquisitions. 
But there is no consistent set of 


quisitions. 

Merrifield: The real problem is 
making sure we mobilize our capa¬ 
bilities, and we’re not. Consortia 
must be formed because the multi¬ 
ple skills and resources necessary for 
the next generation’s developments 
are beyond even a big company— 
not even an IBM or a General Elec¬ 
tric can go it alone. 

It’s important that we put togeth¬ 
er collaborative efforts and pool 
resources and skills. We’ve gotten 
over a major hump with the Feder¬ 
al government refusing to set an in¬ 


dustrial policy. Now, as long as cooperation among companies 
is precompetitive and generic, it’s OK. That includes anything, 
really. 

Our best model so far is Sematech [the semiconductor manu¬ 
facturing technology consortium of industrial companies in Aus¬ 
tin, Texas, to which the Federal government contributes US $100 
million a year]. That’s basically the first time we’ve funded any¬ 
thing from the Government side that isn’t managed and direct¬ 
ed by the Government. It’s all handled by the private sector. 

The key to consortia management is to set them up as legal 
entities with a chief executive officer and a management staff, 
and the participating companies as limited partners. The part¬ 
ners are protected from antitrust and liability actions and, by law, 
are not allowed to micromanage day-to-day operations. They set 
the general charter and objectives and provide the funds. 

You don’t have to limit the funding to companies. You can have 
passive investors, pension funds, venture-capital people, and syn¬ 
dicated groups of individuals. If we had set up U.S. Memories 
[the industry-government consortium proposed last year for mak¬ 
ing semiconductor RAMs] that way, it would have flown. There 
are always leading-edge people willing to do new things and take 
risks. We must ferret them out and work with them to set up 
models for operating this way. 

Conversion to commercial programs 

Schell: If the defense procurement budget declines between 
25-50 percent over the next few years, are we going to see those 
industries simply decline by that amount? To what degree are they 
going to convert and be successful on the commercial side? 

Merrifield: In the near term, there will undoubtedly be a de¬ 
cline. In the longer term, conversion could be very productive. 
But it takes three to five years to generate new commercial op¬ 
portunities, which is why we must consider as many as possible 
and speed their development. We must realize that wealth can 
no longer be measured in ownership of fixed physical assets that 
will be obsolete in three to five years. Wealth will be measured 
in terms of ownership of, and access to, knowledge-intensive, 
value-added, technology-driven systems. 

You don’t care where a good idea comes from. You need to 
mobilize your resources in concert with whoever comes up with 
those ideas, telescope the time of development, and get into the 
marketplace quickly. Historically, we have unprecedented oppor¬ 
tunities to do that. But we’re not organized for it. 
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Cooper: There would be problems in shifting to commercial 
purposes the people and assets as they now exist in the aerospace 
industry serving the Defense Department. The waste from its 
management system would automatically produce a 30 percent 
overhead burden that wouldn’t allow them to be competitive. 

Those organizations must rapidly teach themselves a new way 
to manage, and somehow restructure and retrain their workforce, 
including their engineers. Many skills for dealing with the 
procurement and acquisition systems of the Defense Department 
are inappropriate to general business. 

Retraining is a serious problem. This has largely been a cap¬ 
tive industry. The Government has kept relationships at arm’s 
length. The few percentage points of profit allowed has kept it 
from being essentially a nationalized industry. 

Mowery: Labor force adjustment problems could be more 
acute for white collar and middle management employees of some 
of the large firms, particularly airframe makers, than for skilled 
blue-collar workers. These large defense firms are not the en¬ 
trepreneurial, quick-starting firms that we associate with the ex¬ 
ploitation of technological and scientific breakthroughs. 

It’s easy to be pessimistic about conversion to new nondefense 
lines of business. That is one reason why teaming arrangements 
between defense and more entrepreneurial firms may be a good 
idea—it could infect the defense firms with different habits. 

Capital in short supply 

Cooper: The defense industry offers opportunities, includ¬ 
ing near-term ones, because a great deal of advanced technolo¬ 
gy is sort of stuck in there. It has never been allowed to leak out, 
even though national policy has been to encourage the transition 
into commercial products and companies. There’s still a 
bureaucratic tendency to protect it, and not to nurture the kinds 
of relationships with commercial industry that could promote 
transfer. 

Also, right now the defense industry as a whole is in terrible 
financial shape because it made tremendous investments required 
by the Defense Department since the early 1980s. It cannot raise 
capital to any extent to promote new ideas or interests. We have 
a serious problem with capital for- 
mation to support joint ventures at 
even a minuscule level. 

Merrifield: You really put your 
finger on the problem: the cost of 
capital. A friend of mine at Toyota 
tells me that it just borrowed US $8 
billion at 1.5 percent from its keiret- 
su banks. Inflation is 3 percent over 
there so that’s a negative cost of cap¬ 
ital. In nominal terms, Japan 
charges maybe 0 percent for zero- 
risk investments. And it goes up to 
just 4 percent for high-risk, early- 
stage developments. 

Our real capital cost is 6-8 per¬ 
cent, artificially propped up by the 
Federal Reserve. We start with 12- 
14 percent, and it goes out of sight 
by the time you get to early-stage, 
higher-risk, longer-term invest¬ 
ments. We’re really starving for in¬ 
vestment capital for next-generation 
systems. 

What we should do is redefine tax 
incentives for productivity— 
improving things like re-skilling, 

R&D, new technology, automation, 
and innovation. Innovate, auto¬ 
mate, or evaporate—that’s the 
rubric. But what we have done by 
our cost of capital is selectively 


Robert S. Cooper: There’s a problem 
for people In [the aerospace] Industry 
because they really would like to know that 
there’s an intellectual force guiding what 
will be happening over the next 5-10 years. 

No direction is coming from the 
Pentagon or White House. 



penalize investments for innovation, automation, and re-skilling. 

Schell: What Government policies do you see for defense 
restructuring for commercial activities? Or is that strictly for com¬ 
mercial companies to do? 

Merrifield: There is no initiative for this in Government. In 
part, the attitude is that the only thing you can do is make mis¬ 
takes; do nothing and you won’t make any. 

Industry associations are an important element that can bring 
out a consensus and then hammer away at Government agen¬ 
cies and say, “Wake up, you guys. You’ve got to get on board with 
what we have to do.” It must be a persistent, repetitive effort. 

Cooper: Isn’t there some Government policy change, though, 
that would make it easier for aerospace companies to use some 
of the technology they’ve generated over the years to create new 
products in the commercial sector? 

Merrifield: It took a while, but we now have technology 
transfer laws. Any company that does Federally funded technol¬ 
ogy owns the exclusive commercial rights and can develop it. For 
the first time, the technology and all benefits go to them instead 
of into the Federal treasury. 

We have 700 Government laboratories—200 or 300 major 
ones—developing next-generation systems, but they don’t know 
what they have. It’s an absolute gold mine, though, that will take 
private sector initiative to go in, dig out the technology, get ex¬ 
clusive licenses, and develop it. 

Each Government laboratory needs to have a professional 
function that can ferret things out, make sure they get patent¬ 
ed effectively, and then license the right companies to develop 
them. Trying to get that sort of initiative in the labs is like pull¬ 
ing teeth. 

Dual-use technology 

Schell: I’d like to change the subject to dual-use technolo¬ 
gy. How should the DOD increase its use of commercial products? 

Heilmeier: There needs to be much closer harmony and in¬ 
tegration between the defense and commercial industrial bases. 
The DOD can no longer afford to maintain its own separate 
technology base. It must depend on, and leverage, the commer- 
dal industrial base more heavily 
than at any time in the past 50 years. 

The barrier to closer integration 
is not technology, it is DOD’s busi¬ 
ness practices. These have fostered 
striking contrasts between the cur¬ 
rently separate domains. Engineers 
and companies wishing to partici¬ 
pate successfully in the more in¬ 
tegrated environment that is inevita¬ 
ble must recognize and adapt to the 
differences between today’s defense 
and commercial worlds. 

For example, success factors in 
commercial business often include: 

• High value to the customer rela¬ 
tive to cost. 

• Short installation time and low in¬ 
stallation labor content. 

• Proprietary products. 

• Frequent product upgrades and 
product families. 

• Capable manufacturing/flexible 
manufacturing. 

• Service and support. 

These stand in sharp contrast to 

success factors in today’s defense 
sector, which often include: 

• Being a member of “The 
Club”—that is, the group that un¬ 
derstands the DOD’s byzantine 
business practices. 








• Being first and early in new programs. 

• Becoming a partner-in-technology. 

• Customized products. 

• Specmanship. 

• High reliability. 

There are other contrasts—in the basic infrastructures and ap¬ 
proaches to systems design and production—that also call for 
adaptation [see table]. 

In the world in which we now live, the DOD will have to “live 
off the land.” It can no longer afford its own separate industrial 
base in almost every area. 

Some areas will remain uniquely defense. Those who succeed 
in the new integrated environment will be those who recognize 
the contrasts between the sectors and adapt their business prac¬ 
tices accordingly. 

But the burden is on the defense industry people to fit in— 
not vice versa. To explore new directions means taking risks. Not 
to do so means taking even bigger risks. 


fense and procurement officials to relax on the issue of requir¬ 
ing mil specs and the detailed specs of the parts and subsystems 
and so on in the weapons systems procurements. 

Dealing with obsolescence 

Schell: Another serious issue to the Defense Department is 
resupply. One of the aspects of commercial supply is that when 
ICs, for example, are no longer profitable, industry will no longer 
make them. What happens then? 

Merrifield: That’s where flexible computer-integrated 
manufacturing facilities can come in. They have memories: some 
of those things were made three years ago and now the DOD 
wants three more. You can program the equipment and ship 
quickly because the memory is there with the quality and reprodu¬ 
cibility needed. It obviates the need for keeping an inventory of 
more than you’ll ever need, “just in case,” and the cost of hold¬ 
ing that inventory for 10 years and then disposing of it because 
it never was used. 



Getting more from other countries 

Mowery: There’s a dilemma here because there are compet¬ 
ing goals. If you increase use of commercial systems, particular¬ 
ly in electronics, your goal could be to reduce procurement costs. 
That can Increase foreign content of military systems, either from 
imports or domestically produced components from foreign 
manufacturers. 

This illustrates the larger dilemma of maintaining a national 
defense industrial base in a globalized high-technology sector. 
There must be greater recognition of tradeoffs between very low- 
cost, increased foreign dependence, and incurring the higher cost 
of a middle-ground alternative that might preserve certain dual- 
use domestic capabilities at the cost of, perhaps, longer inser¬ 
tion cycles or higher buy costs. 

Cck)PER: So much of military systems today is electronic, and 
so much comes from the Far East, Europe, and elsewhere, that 
it’s no longer possible for the DOD to claim it must have domes¬ 
tic suppliers for everything. Electronic products from the Far East 
can also be superior to even Defense Department equipment in 
their ability to operate in extreme environments. Clearly, they are 
much less costly. However, for certain things a domestic supply 
might be absolutely critical, as for 
a particular weapons system or 
something nuclear. 

This country will always be allied 
with nations that can provide most 
of the critical things we cannot or 
choose not to provide. We can rely 
on them provided we make sure 
that, as the geopolitical continents 
shift, we take a clear look and find 
alternative suppliers in other parts 
of the world. It’s clearly managea¬ 
ble. The benefits to the DOD from 
going the commercial route and 
buying off-the-shelf might be great 
enough to measure the savings in 
orders of magnitude—in decibels. 

The Government is going to have 
to change the way it does its acqui¬ 
sitions. There’s a lot of sentiment 
within the Defense Department to 
do this; yet it is very tough to get a 
bureaucracy to move on an issue as 
fundamental as the way it buys its 
equipment. This is a place where 
[professional/technical] and indus¬ 
try associations like the IEEE and 
the AIAA [American Institute of 
Aeronautics and Astronautics] and 
others can help get high-level de- 


D. Bruce Merrifield: The key to consortia 
management is to set them up 
with a chief executive officer and a 
management staff, and the participating 
companies as iimited partners. Then, by iaw, 
the partners should not be aiiowed to 
micromanage day-to-day operations. 


Cooper: Another problem is that of the many, usually 
smaller, companies that handle build-to-print projects. Basical¬ 
ly, they receive their designs and specs from the military depart¬ 
ments and Government agencies. Then they just build the equip¬ 
ment the way it’s presented in the request for proposal. 

DOD is now specifying form, fit, and function compatibility 
for replacing parts and things that are out of production. These 
build-to-print outfits have to acquire a design capability. They 
have to hire higher-level design engineers that can take the form, 
fit, and function spec and, relying on computer-aided design 
(CAD) workstations, change it into designs using contemporary 
electronic parts. 

You’re going to see more of this. It will be an opportunity to 
redeploy the design capability now residing in the large aerospace 
companies. The engineers there might start moving to those 
smaller companies and serve not just the defense industry but 
others as well in form, fit, and function replacement of parts and 
systems. 

Schell: The Government procurement side will have to do 
more than see to it that there is specification by part number. It 
will have to do better at functional specs by standardized architec¬ 
ture descriptions and storing data in a functional sense, rather 
than pinpointing the location of 
gates on a chip. That’s going to re¬ 
quire a new kind of enlightenment 
on the Government’s part. 

Schell: What are your views on 
the short-term effect on the defense 
industry of the current Mideast 
deployment? 

Cooper: It will have a signifi¬ 
cant short-term effect, basically in 
three areas. First, it will delay some¬ 
what the decline in the defense 
budget, and have a measurable ef¬ 
fect on the ’91 budget. More 
money—US $10 billion or so—will 
be pumped in for supplying equip¬ 
ment and paying for transport and 
things of that sort. There are 450 
aircraft over there. All their equip¬ 
ment suppliers will get contracts for 
replenishing spare parts. There will 
also be cases of companies making 
a product that fits right into the 
military’s requirements in the Gulf. 

One small private company I 
know was supplying about 70 per¬ 
cent of the world market for global 
positioning-system (GPS) receivers. 
A year ago it developed a rugged 
version of the satellite receiver for 
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David Mowery: The U.S. Federal government, 
almost alone among Industrial countries, 
provides little assistance for 
restructuring for individual workers. 


hikers and backpackers to take into 
the boondocks so they wouldn’t get 
lost. 

The US. Army ordered about 
1000 for testing. When the Persian 
Gulf crisis arose, the Army, which 
had distributed those units all over 
the map, gathered them in, and 
sent them to Saudi Arabia. It im¬ 
mediately requested a contract for 
more. They’ll be coming off a com¬ 
mercial production line. 

Clearly, there was a benefit to 
the Defense Department in rely¬ 
ing on a commercial producer for 
off-the-shelf equipment. It is get¬ 
ting its units fast and at a price at 
least 10 decibels cheaper than for 
militarized versions produced in 
small quantities by the aerospace in¬ 
dustry. 

The second effect of the Persian 
Gulf crisis is that it will yield a lot 
of experience in testing equipment 
in extreme conditions by the people 
who have to use it. Such testing had 
been just too expensive. It will like¬ 
ly help us form our opinions and 
plans and programs for supplying 
such equipment to the military over the next 10 or 15 years for 
such regional conflicts. This is probably the most likely type of 
conflict that the United States will find itself in. 

The third effect is less tangible, but definitely on the plus side. 
It will give the industry some breathing room, some time to 
figure out on its own what it’s going to do over the next five 
years. This could have incredible leverage for the future of the 
industry. 

Currie; The lessons of Desert Shield are not new. They only 
reinforce a message that has been clear for some time: the world 
remains an unstable and dangerous place. Threats to peace can 
arise suddenly and from unexpected quarters. You have to be pre¬ 
pared, and with superior forces. 

But “superior” need not be defined as greater numbers. Today 
the technologies embodied in defense electronics have become 
the linchpin to giving us that superiority. 

Desert Shield demonstrates this. The desert heat may inhibit 
daytime operations, but US. forces own the night—for now. Iraqi 
forces may have five times more men and tanks on the ground— 
and the potential to put five times more planes in the air—but 
smart weapons offset those numerical advantages. At the same 
time, capabilities for surveillance and command and control pro¬ 
vide yet another technological edge. 

Upgrades and quantum leaps 

The challenge for defense electronics is clear. It is to continue 
to equip US. forces with superior capabilities. 

This requires a dual-track approach. The essence is balance: 
to pursue upgrades and quantum leaps at the same time. This 
means continuously applying technology improvements to ex¬ 
tend the operating performance of existing systems, while simul¬ 
taneously investing in the research and new technologies for the 
next leap forward. 

Continuous upgrades ensure that our forces have the advan¬ 
tage when suddenly forced into the field. At the same time, in¬ 
vesting in new technologies is the only prospect of fielding to¬ 
tally new and decisive capabilities in the future. 

To pursue either course at the expense of the other is to in¬ 
vite disaster. A commitment to upgrades-only may keep our 
forces technologically superior for a while. But it virtually 
guarantees surprise and vulnerability when someone else’s break¬ 




through renders our capabilities ob¬ 
solete. 

On the other hand, neglecting 
upgrades while pursuing leapfrog 
technologies and systems is equal¬ 
ly hazardous. In today’s budget en¬ 
vironment, both DOD and industry 
must strike the right balance be¬ 
tween the two options. President 
Bush’s recent call for an “active and 
inventive program of defense R&D” 
gives us an opportunity to reach a 
much needed consensus on the right 
balance. 

In national security, nothing 
is more certain than uncertainty. 
The extraordinary changes within 
the past year—or in the past few 
months—reinforce that point. A 
balanced dual-track approach to 
defense technology is a hedge 
against the uncertainties of the 
future. 

Long-term implications 

Schell: What do you see as 
the long-term implications of the 
crisis, particularly in the thrust 
of technologies where the DOD 

might shift its resources? 

Merrifield: The two elements that must be anticipated in 
similar crises are the use of chemical weapons and the possibili¬ 
ty of nuclear capability by an Iraq or Libya or some other coun¬ 
try. Preventing, or handling, these threats will take more than just 
the Awacs (airborne warning and control system) and good in¬ 
telligence. There must be a capability to intervene physically and 
neutralize the threat. It should be such a deterrent that nobody 
would risk it, even a nut. 

Schell; In the past, we’ve had only one class of weapons to 
deal with in such Third World situations, thanks to our Soviet 
and Soviet-oriented Cold War opponents. We now confront sit¬ 
uations in which conceivably there are U.S., European, Soviet, 
and Third World weapons. This sets up a whole new array of 
challenges. From the standpoint of surveillance and intelligence, 
it is no longer just knowing what the Soviets have. It is knowing 
who sold what to whom and when, and where it is now. Stinger 
missiles are the most obvious. 

Cooper: We’re going to see heavier procurement of weapons 
by all the Middle East countries. They’re going to want forces 
they hope would deter such an incursion as the Iraqis made into 
Kuwait. 

The question we’ll have is ensuring that those weapons, if used 
against us, can be countered. The defense industry will be con¬ 
cerned with developing survivable platforms and signature de¬ 
tection systems and the ability to counteract sensors of all varie¬ 
ties. Clearly, there’s going to be an emphasis on stealth technology 
in general. 

We may also wind up with an expanded infrastructure from 
which military operations can take place in that part of the world. 
Near-term procurements will emphasize the equipment needed 
to transport aircraft and mobile forces, the airborne infantry, and 
the marine amphibious forces. That part of the industry will get 
some attention. 

Increased attention will also be paid to intelligence gathering. 
The RPVs [remotely piloted vehicles] that the military disdained 
in the past are in great demand over there today. They’re doing 
tactical Sigint [signal intelligence] and tactical Elint [electronic 
intelligence], and they’re getting all kinds of information that 
makes it very easy to plan hour by hour how to counter the op¬ 
posing forces. ^ 
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Designing with 
fuzzy logic 

Insights into the application of a technology largely ignored in the West, 
but finding success in commercial and industrial problems in Japan 


Japan has caught fuzzy logic fever. New products 
ranging from auto-focusing cameras to industrial as¬ 
sembly controllers are flooding the country. An air 
conditioner from Tokyo’s Mitsubishi Heavy Indus¬ 
tries Ltd. owes a power reduction of 20 percent to 
the use of fuzzy control algorithms alone. More than 
70 percent of all washing machines currently 
manufactured by Matsushita Electric Industrial Co. 
in Osaka are fuzzy controlled, so great is consumer 
demand for the technology. Probably the best- 
known example is the subway system in Sendai, which stops with 
three times the accuracy of a manually controlled train and ac¬ 
celerates so smoothly that passengers find handrails superfluous. 

The rest of the world, though, has yet to be bitten by the bug. 
Only a handful of organizations outside Japan are involved in 
the field, mostly with a research, not product, orientation. But 
companies everywhere are beginning to realize the value of this 
technology, as products with fuzzy logic control systems prove 
their versatility. 

Fuzzy logic is a misnomer. Developed by Lotfi A. Zadeh of 
the University of California at Berkeley, it is firmly grounded in 
mathematical theory. Combining multivalued logic, probability 
theory, artificial intelligence (AI), and neural networks, it is a 
digital control methodology that simulates human thinking by 
incorporating the imprecision inherent in all physical systems. 
In traditional logic and computing, sets of elements are “crisp”; 
an element either is an element of a set, or it is not. For example, 
a temperature controller on a room heater might react to 35° C 
as “hot,” but to 34.9° C as “cold.” Such a sharp boundary would 
cause abrupt changes in a conventional control system’s output. 

In contrast, fuzzy logic works by turning the hard-edged world 
of binary control variables (hot/cold, fast/slow) into “soft” grades 
(warm/cool, moderately fast/somewhat slow) with varying 
degrees of membership. A temperature of 20° C, for instance, can 
be both “warm” and “a little bit cool” at the same time, a con¬ 
dition ignored by classical logic but a cornerstone of fuzzy the¬ 
ory. After all, precision is not always wanted: if the temperature 
in a house is 26° C instead of 25° C, the occupants couldn’t care 
less. “Precision is expensive,” acknowledged Ronald Yager, direc¬ 
tor of the Machine Intelligence Institute at Iona College, New 
Rochelle, N.Y. “Fuzzy logic is useful just because of its low speci¬ 
ficity; it allows a more flexible response to a given input.” The 
output of a fuzzy system is smooth and continuous, ideal for the 
control of continuously variable systems such as electric motors 
or positioning systems. 

Fuzzy systems base their decisions on inputs in the form of 
linguistic variables [figure, p. 105]. The variables are tested with 
a small number of if-then rules, which produce one or more 
responses depending on which rules were asserted. The response 
of each rule is weighted according to the confidence or degree 
of membership of its inputs, and the centroid of the responses 
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is calculated to generate the appropriate output. 
Fuzzy logic shares the if-then structure of AI, but 
unlike AI it is not a symbolic process, and employs 
few rules. Neural networks resemble fuzzy logic, but 
assign discrete weights to each stimulus, whereas 
fuzzy logic functions as a continuously valued state 
machine. 

When to think fuzzy 

In general, fuzzy logic is best applied to nonlinear, 
time-variant, ill-defined systems. If a system can be represented 
by a simple equation, it should probably be modeled with a 
straightforward control technique. In the case of a simple ther¬ 
mostat, upper and lower boundaries can be set to switch a heat¬ 
er or air conditioner on or off to stabilize its response about a 
desired temperature. Traditional proportional, integral, and 
derivative (PID) control systems will remain an accurate and cost- 
efficient solution to control problems involving simple, linear 
systems. 

But if the system to be controlled is very complex, or cannot 
be easily represented by a series of if-then rules, fuzzy logic may 
be the way to go. PID systems are designed to control a single 
output on the basis of a few independent inputs. Because of this 
independence, adding further inputs to the system rapidly com¬ 
plicates the control paths and requires the recalculation of all 
transfer functions. Adding another input to a fuzzy system, on 
the other hand, requires only the addition of another member¬ 
ship function and associated rules. 

In system control, the fuzzy approach has a distinct edge over 
conventional methods. “Preprocessing” a large range of values 
into a small number of membership grades reduces the number 
of values that the controller has to contend with to make a deci¬ 
sion. Because fewer values have to be evaluated, fewer rules are 
needed, and in many cases a fuzzy controller can solve for the 
same output faster. 

Another strength of fuzzy logic is that it deals with observed, 
rather than measured, variables of the system. In system model- 


Defining terms 

Degree of membership: the “confidence” or “certainty”— 
expressed as a number from 0 to 1—that a particuiar value 
belongs in a fuzzy set. 

Fuzzy logic: a branch of logic that uses degrees of member¬ 
ship in sets rather than a strict true/false membership. 
Linguistic variable: common language terms used to describe 
a fuzzy set, such as “hot,” “slow,” “very cold,” or “medium.” 
Membership function: a formula used to determine the fuzzy 
set to which a value belongs and the degree of membership 
in that set. 

Neural networks: a study of intelligence that represents data 
and decision structures like a neural system. It assigns rela¬ 
tive weights to data and is capable of supervised and unsuper¬ 
vised learning. 
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ing, this means that users can indirectly evaluate more variables 
than with a conventional PID controller. 

In traditional control modeling, the first step is to derive a 
mathematical model to describe the system. This requires a 
detailed understanding of all variables in the system—not always 
easy or possible if the system is very complicated. In contrast, 
fuzzy modeling deals with the relationship of the output to the 
imput, lumping many parameters together. This translates into 
the inclusion of higher-order variables, so that the resulting con¬ 
trol system is of a higher order and often provides a more ac¬ 
curate and stable response. 

The greater simplicity of implementing a control system with 
fuzzy logic can reduce design complexity to a point where previ¬ 
ously insoluble problems can now be solved. Fuzzy systems typi¬ 
cally result in a 10:1 rule reduction, requiring less software to im¬ 
plement the same decision-making capability. That was why 
engineers at Sanyo Fisher USA Corp., Chatsworth, Calif., turned 
to fuzzy logic for their video camcorder design when they dis¬ 
covered that, if they used conventional control methods, the 
microcomputer they favored would lack enough memory to im¬ 
plement all the functions they wanted. The fuzzy system reduced 
the amount of software needed to determine the optimum focus 
and lighting levels, allowing the functions 
to be implemented without external 
memory. 

Rapid prototyping is another strength. 

Engineers at Rockwell International 
Corp.’s Science Center in Thousand 
Oaks, Calif., have applied fuzzy logic to 
the control of engine idling. Because the 
engine’s variables (ignition timing, RPM, 
air flow) can be represented by a relative¬ 
ly compact set of equations, the appli¬ 
cation of fuzzy logic improved little on 
conventional control methods. The time 
that it took to implement the fuzzy logic 
controller, however, was an order of mag¬ 
nitude less than the time it took to de¬ 
velop the conventional system. 

“The fuzzy approach is a good way to 
get started with little information,” said 
Alan Firstenberg, the center’s director of 
information sciences. The similarity be¬ 
tween human thinking and fuzzy logic 
facilitates understanding and 
troubleshooting fuzzy control systems, a 
big plus when trying to bring a product 
to market in a timely fashion. 

Still, fuzzy logic’s strengths are also its 
drawbacks. Because it is a model-free es¬ 
timator, it is difficult to develop a model 
that can prove the stability of such a system. Some designers feel 
uneasy using a theory that is fuzzy. “There is a definite need for 
stability analysis and validation tools for fuzzy logic,” noted 
Rockwell’s Firstenberg. Even so, fuzzy logic compares favorably 
with other intelligent control approaches, and PID control sys¬ 
tems can be used in conjunction with fuzzy systems to ensure sta¬ 
bility. 

Learning the rules 

The first step in designing a fuzzy controller is to understand 
and define the system in terms of its input and output variables. 
Generally a control system measures a parameter and its rate of 
change as two of its inputs. Canon Inc. of Tokyo, in its H800 auto- 
focusing camera, uses a charge-coupled device (CCD) array to 
measure the clarity of an image in six regions of the screen, thus 
determining if the image is in focus. Because the lens moves dur¬ 
ing focusing, the camera also measures the rate of change of 
focus, and slows the movement of the lens to avoid overshoot¬ 
ing the optimum focus. The Canon controller uses 12 inputs: six 


to measure instantaneous clarity for each region of the screen, 
and six to measure the rate of change as the image comes into 
focus in each area. There is one output, the position of the focus 
lens. 

Once the variables are known, they must be subdivided into 
membership functions. For example, if the input is temperature, 
then the linguistic values used might be cold, cool, moderate, 
warm, and hot. Typically, three, five, or seven values are used, 
ensuring a symmetrical distribution of positive and negative 
values around the median. 

The key to success with fuzzy logic is to use just a few rules. 
If the membership functions have been constructed accurately, 
only a small number of rules are needed. Canon employs 13 rules 
in its auto-focusing camera, requiring only 1.1 kilobytes of mem¬ 
ory to implement. The power of a small rule base has been 
demonstrated at the Ford Motor Co., Dearborn, Mich., where 
a fuzzy logic application using just three rules backs a simulat¬ 
ed tractor-trailer into a parking space without jackknifing: if the 
truck is near jackknifing, then reduce the steering angle; if the 
truck is far away from the dock, then steer towards the dock; 
IF the truck is near the dock, then point the trailer directly at 
the dock. Researchers at Ford first studied the operation of a neu¬ 


ral network controller based on a similar program developed by 
Bernard Widrow of Stanford University in California, and from 
it were able to infer the rules necessary to build a fuzzy rule base 
that performed the same function but took much less time to de¬ 
velop and radically simplified the learning process. 

The method of studying the I/O relationship, defining the 
membership functions and the rules, depends on the type of sys¬ 
tem being modeled. In developing a model, the most straight¬ 
forward approach is to study a human-controlled system. Because 
human beings think in terms of membership functions and use 
linguistic variables spontaneously, it is actually easier to start by 
interrogating people than with a mathematical model—a break 
with standard engineering practice. The same method can be ap¬ 
plied to physical systems that, while automated, still follow 
human-type rules. 

A good example of the direct application of human input to 
the design of a fuzzy system is the development of the electronic 
continuously variable transmission (ECVT). The ECVT-II, used 
in the Subaru Justy automobile, employs a fuzzy logic control 



[1] CubiCalc, from Hyperlogic Corp., of Escondido, Calif, is used to develop and debug 
a fuzzy logic rule base to keep a car traveling in a circle at a constant radius. The software 
allows the user to vary parameters such as membership functions, and rule and fuzzy set 
adjectives. 
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system to continuously adjust the position of a belt that changes 
the transmission pulley ratio and hence the car’s acceleration and 
performance. Subaru (now part of Fuji Heavy Industries Ltd., 
Tokyo) questioned test drivers about their response to different 
pulley ratios to define what belt position on the pulleys cor¬ 
responded to maximum performance without uncomfortable ac¬ 
celeration. The data from the drivers’ evaluations was then used 
to generate the membership functions that governed the shifting. 

Designing a fuzzy controller for a system with embedded rules, 
and hence ones that are not obvious, is more complicated. The 
most promising approach is Differential Competitive Learning 
(DCL), developed by Bart Kosko at the University of Southern 
California, Los Angeles, which uses neural networks to study a 
control system. Data to the existing controller is compiled into 
a series of I/O vectors and fed into a neural network. Predefined 
membership functions are assigned to the inputs and outputs, 
and the network is studied to find clusters of data indicating the 
presence of a rule. By adaptively quantizing the I/O vectors, this 
method can evolve a fuzzy logic rule base by interrogating an ex¬ 
isting control system. Other researchers are currently working to¬ 
ward automating the process of developing fuzzy rules from neu¬ 
ral networks, bringing the learning abilities of neural networks 
to fuzzy systems. 

After the rules and membership functions have been defined, 
the last step is to test the sys¬ 
tem for the proper output. If it 
fails the test, the membership 
functions and/or rules should 
be adjusted. At this point, 
shapes of the membership 
functions are less important 
than their overlap, as the latter 
determines the characteristics 
of the transition between the 
two functions. Several itera¬ 
tions of this are done until the 
response of the system falls 
below a user-defined accepta¬ 
ble level of error. 

A fuzzy controller 

Although most work in 
fuzzy logic has been performed 
by in-house research teams at 
Japanese corporations, there 
are now two companies outside 
of Japan that specialize in 
fuzzy consulting. Togai Infra¬ 
logic Inc., of Irvine, Calif., and 
Apt Instruments (N.A.) Inc., of 
Santa Clara, Calif., are both in¬ 
volved in the design of fuzzy 
software and systems for cus¬ 
tomers. Each has worked ex¬ 
tensively with Japanese com¬ 
panies in developing fuzzy 
systems for customers. 

Despite its differences from 
traditional PID control theory, 
fuzzy logic can be interfaced in 
many ways to existing control 
systems. “Don’t rip out an ex¬ 
isting system if it already 
works,” cautioned Carl Perkins, cofounder of Togai Infralogic 
and independent consultant on fuzzy logic applications. “Use 
fuzzy logic to control the controller. [Just] add fuzzy reasoning 
to make up for the areas in which the conventional system doesn’t 
do as well.” 

The simplest way to implement fuzzy logic is to reprogram an 
existing microcontroller-based system to reason fuzzily. Engineers 


at Togai Infralogic worked with Mitsubishi software on the de¬ 
velopment of the Beaver Warp air conditioner, rewriting the soft¬ 
ware for the 8-bit microcontroller already designed, requiring only 
minimal hardware modifications, but doubling the temperature 
stability of the system. 

The small rule base and look-up tables needed for the fuzzy 
evaluations can be accommodated in the memory available with 
most microcontrollers. This allows designers to implement fuzzy 
reasoning with minor or no hardware modifications. 

Membership functions for the inputs and outputs of the rules 
can be calculated ahead of time and stored in memory as look¬ 
up tables to speed up processing of the data. An alternative meth¬ 
od involves numerically integrating the area of each output mem¬ 
bership grade, but it is very mathematically intensive and may 
be beyond the capabilities of a simple microprocessor to calcu¬ 
late in real-time. 

For more computationally intensive systems, a designer may 
wish to use a microprocessor with a custom reduced-instruction- 
set computer (RISC) architecture, storing membership functions 
and rules off chip. One such product, the FCllO Digital Fuzzy 
Processor from Togai Infralogic, handles up to 50 000 fuzzy logic 
inferences per second (Kflips). Basically a custom 8-bit, 10- 
million-instruction-per-second (MIPS) RISC, it has six macro¬ 
instructions specially designed to evaluate fuzzy inferences with 
up to 256 variables. The rule 
base is stored off chip in either 
RAM, ROM, or erasable 
programmable ROM. 

Fuzzy tools 

A number of tools are now 
available to help develop and 
model fuzzy control systems. 
CubiCalc, from Hyperlogic 
Corp. of Escondido, Calif., is 
a graphical development tool 
for fuzzy systems. A Microsoft 
Windows-based application, it 
allows the user to input rules in 
English sentences using quali¬ 
fiers such as VERY, NOT, and 
SOMEWHAT. Membership func¬ 
tions are entered with a graphi¬ 
cal editor so that their shape 
can be specified directly. The 
output of the fuzzy system can 
be displayed in tabular form or 
plotted. 

The development of micro¬ 
computer code is necessary to 
implement fuzzy logic in a con¬ 
trol system. Togai Infralogic has 
created the TILShell, a comput¬ 
er-aided software engineering 
(CASE) tool for building fuzzy 
expert systems with C language 
software. Users can define fuzzy 
sets, inputs, outputs, and fuzzy 
rules. TILShell compiles fuzzy 
logic rules directly into C lan¬ 
guage source code, which can 
be converted to code for any 
microprocessor with a C com¬ 
piler. The software runs on either an IBM PC/AT compatible or 
Macintosh and sells for US $4600. Hardware accelerator boards 
using the FCllO fuzzy processor are available for IBM PC/AT com¬ 
patibles and VMEbus systems, the latter capable of up to 1.6 Mflips 
when running four fuzzy processors. These boards allow fuzzy logic 
functions to be used as embedded controllers in larger systems. 

(Continued on p. 105) 


Products utilizing fuzzy logic 


Product 

Company 

Role of fuzzy logic 

Elevator control 

Fujitec/Toshiba 

Evaluates passenger traffic 
to reduce waiting time and 
enhance car announcement 
accuracy 

Golf diagnostic 
system 

Maruman Golf 

Selects best golf club for an 
individual's physique and 
swing 

Video camcorder 

Sanyo Fisher/Canon 

Determines best focus and 
lighting when several objects 
are in picture 

Washing machine 

Matsushita 

Senses quality and quantity 
of dirt, load size, and fabric 
type, and adjusts wash cycle 

Vacuum cleaner 

Matsushita 

Senses floor condition and 
dust quantity and adjusts 
vacuum cleaner motor power 

Hot water heater 

Matsushita 

Adjusts heating element to 
correspond to temperature 
and amount of water being 
used 

Air conditioner 

Mitsubishi 

Determines optimum con¬ 
stant operating level to pre¬ 
vent power-consuming on- 
off cycling 

Television 

Sony 

Adjusts screen brightness, 
color, and contrast 

Handheld computer 

Sony 

Interprets handwritten input 
for data entry 

Auto transmission 

Subaru 

Senses driving style and en¬ 
gine load to select best gear 
ratio 

Stock trading 
program 

Yamaichi Securities 

Manages stock portfolios 
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* s personal computers and work¬ 
stations penetrate deeper into the 
electrical engineering environment, 
the importance of highly reliable 
and user-friendly software be¬ 
comes clear. Without those 
characteristics, engineers cannot 
exploit these tools to the utmost. 

In the last few years, many software pack¬ 
ages for PCs and workstations have become 
available. They span the gamut from the 
electromagnetic design of electrical compo¬ 
nents to the creation of software systems. 
Even in today’s highly digital world, analog 
circuits are still much in demand, as is soft¬ 
ware for designing them and simulating their 
operation [p. 60]. 

Furthermore, as the clock frequencies of 
microprocessors pick up, leads and conduc¬ 
tors on a printed-circuit board come to be¬ 
have like transmission lines, and here soft¬ 
ware packages for electromagnetic analysis 
by finite- or boundary-element methods come 
in handy. Not only do they typically replace 
tedious manual mathematical analysis with 
much simpler data entry, but they also en¬ 
able designers to attack problems insoluble 
before. That these methods are gaining 
popularity is evident from the range of appli¬ 
cations offered [p. 73]. 

As the variety and number of software de¬ 
sign tools increased, engineers grew impa¬ 
tient with the complexities involved in ex¬ 
changing information. As a remedy, a 
consortium of electronic design automation 
and semiconductor vendors devised the Elec¬ 
tronic Design Interchange Format (EDIF) 

[p. 68]. Help is also coming from another in¬ 
dustry effort—frameworks—which are 
specifications that describe how and what 
kind of data is to be presented to a 
computer-aided engineering software pack¬ 
age. Leading design automation companies 
already supply software tools that conform to 
the industry frameworks [p. 90]. 

Software engineering, a discipline in its 
own right, has recently benefited from 
computer-aided software engineering (CASE) 
tools that not only help software engineers 
develop the programs but also allow more ef¬ 
ficient maintenance and software manage¬ 
ment, among other functions [p. 78]. 

This guide provides, in tabular form. 




• DSP software • Affordable analog design • Electronic 
Design Interchange Format • Electromagnetic simulators 

• Computer-aided software engineering • Printed-circuit- 
board design tools • Data acquisition, analysis, and 


representative samples of available programs. 
Tables for digital signal processing and elec¬ 
tromagnetic analysis were compiled by the 
authors of the articles on those topics; all 
others were done by Spectrum staff. 


display • Frameworks • To probe further 


Gadi Kaplan Senior Technical Editor 
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Defining terms 


ALS: advanced low-power Schottky. 

ASIC: application-specific integrated circuit; 
usually designed by the customer with automat¬ 
ed toois provided by the manufacturer. 
Assembler; a utility program that translates 
symbolic assembly language instructions into 
machine instructions or data on a one-to-one 

Axlsymmetrlc: an object possessing an axis of 
rotational symmetry. 

Behavioral model: a software model of a “black 
box” circuit whose output response to any 
input(s) Is based only on user-defined equations; 
components inside the box need not be 
specified. 

Block diagram: a drawing in which circuit func¬ 
tions are represented as blocks of various geo¬ 
metries. 

Boundary-element method: a procedure for solv¬ 
ing electromagnetic field problems by breaking 
the domains Into smaller segments and by using 
integral equations In which the solution varia¬ 
bles are confined within the boundaries. 

CAE: computer-aided engineering, the use of 
general-purpose computers and special applica¬ 
tion software to automate routine, iterative hard¬ 
ware engineering tasks. (See also EDA.) 

CASE; computer-aided software engineering, 
the use of general-purpose computers and spe¬ 
cial application software to speed and control 
software development. 

CFI: Computer Framework Initiative, a consor¬ 
tium of computer-aided engineering (CAE) soft¬ 
ware users and vendors dedicated to creating a 
standard CAE framework. 

CGA: color graphics adapter, a printed-circuit 
board installed in an IBM-compatible PC for 
color display. 

Circuit simuiation program: a computer pro¬ 
gram that mathematically predicts the behavior 
of circuits under various conditions. 
Component diagram; a drawing in which circuit 
components, rather than functions, are 
represented. (See also Schematic.) 
Connectivity; connections of a design, estab¬ 
lished by joining the pins of physical compo¬ 
nents or ports of logical components. 
Consumer: in a framework environment, a soft¬ 
ware package that accepts data from a produc¬ 
er (which see). 

DRC: design rules checker—software that exa¬ 
mines a design to make sure It conforms to 
manufacturing rules. 

DXF: Drawing Interchange Format—a standard 
format for transferring information to mechan¬ 
ical CAD programs. 

EDA: electronic design automation, that branch 
of computer-aided engineering concerned 
primarily with design tasks. It is often used in¬ 
terchangeably with CAE. 

EDIF: Electronic Design Interchange Format. 
EGA: enhanced graphics adapter, an improved 
version of the CGA with higher resolution and 
greater color capability. 

EiCs: equivalent ICs (Integrated circuits)—a way 
of expressing the component capacity of a lay¬ 
out package. 

Embedded software: code not visible to the end 

EMS memory: Expanded Memory System- 
implemented in software, a means of expanding 
the addressing capability of a PC DOS to more 
than IM byte. (See also LIM memory.) 

FFT: fast Fourier transform. 
Field-programmable gate array (FPGA): an array 
of gates on a chip whose interconnections can 
be arranged electronically by the user. 
Finite-element method: a procedure for solving 
electromagnetic field problems by dividing the 
domain of interest Into small, basic elements 
and by solving differential equations In each of 
those elements. 

FIR filter: finite impulse response filter. 


Force vectors; a tool to help achieve optimal 
component placement, force vectors are lines 
emanating from components, whose lengths 
and directions provide visual clues as to where 
components should be moved to minimize con¬ 
nection length. 

GPIB: general-purpose interface bus, also called 
HPIB (Hewlett Packard interface bus) and, more 
formally, IEEE Standard 488.2 interface. A byte- 
serial bus created to interconnect instruments 
and computers. 

HPGL: Hewlett Packard graphics language, a 
widely accepted format for exchanging graph¬ 
ics data between computers and output devices, 
especially plotters. 

HR filter: infinite Impulse response filter. 
Integrated design environment: a program that 
allows data from one design tool to be used by 
others so that the designer can switch easily be¬ 
tween tools. Environments may be proprietary 

JEDEC: Joint Electron Device Engineering 
Council. 

JEDEC/IEEE library: standard libraries of com¬ 
ponents, logic symbols, and printed-circuit- 
board structures that can be called by a layout 
program. 

Kurtosis: a mathematical function that deter¬ 
mines the extent to which a frequency spectrum 
is centered around a mean or peak frequency. 
LIM memory: a standard type of expanded mem¬ 
ory system named for Its originators: Lotus, 
Intel, and Microsoft. Sometimes called LIM 
EMS. (See also EMS, XMS.) 

Linker a utility program that ties different soft¬ 
ware modules into one entity. 

Local approximation functions: functions used 
to approximate electromagnetic fields that are 
zero everywhere except over one, local element. 
MCM: multichip module. 

Mesh generation: the process of mathematical¬ 
ly converting the geometric shapes encountered 
in electromagnetic field problems into many 
small pieces. 

Migration path: a planned way of upgrading 
from lower to higher performance hardware or 
software with minimal changes. 

Monte Carlo analysis; a mathematical tech¬ 
nique that, by randomly changing component 
values, predicts the effect of statistical varia¬ 
tions on circuit performance. 

Netlist; an ASCII file describing the circuit ele¬ 
ments and the way they are connected, as dis¬ 
tinct from a pictorial representation in a 
schematic. 

Parameter passing: the ability to assign a par¬ 
ticular value to a circuit parameter in a generic 
model so that it can simulate a specific circuit. 
Without this ability, each model In a component 
library must be manually customized for a 
specific application. 

Parts list: an ASCII file listing the kinds and 
quantities of components needed to fabricate 
the circuit. (See also Netlist and Wire list.) 
PCX: a standard graphics format for IBM- 
compatible PCs. 

PLD: programmable logic device—a device con¬ 
taining transistors that can be interconnected 
electronically by users to perform various logic 
functions. (See also FPGA.) 

Point-and-click interface: a graphical interface 
that employs a pull-down or pull-over menu, 
or icons and a mouse. (See also WIMP Inter- 

Postprocessor program: a computer utility that 
manipulates an output file created by a second, 
more important program—also called a back¬ 
end program. 

Power keys: a computer interface in which cer¬ 
tain simple key-stroke combinations perform 
the same function as opening a pull-down menu 
and selecting an entry. 

Preconditioned conjugate gradient aigorithm: 


an iterative technique for solving large sparse- 
matrix equations in which the solution is com¬ 
puted by minimizing the residual in successive 
orthogonal directions. 

Preprocessor program; a computer utility that 
prepares an input file for efficient use by a sec¬ 
ond, more important program—also called a 
front-end program. 

Producer in a framework environment, a soft¬ 
ware package that generates information that 
can be used by another software tool. 
Pull-down menus: a program interface that uses 
key words at the top of the screen to identify the 
starting location for menus that the user can 
make appear below them. 

Pull-over menus: similar to a pull-down menu, 
except that key words appear at the left of the 
screen and new menus appear to the left of key 

Quasi-TEM wave: a nearly transverse elec¬ 
tromagnetic wave in which the electric and mag¬ 
netic fields have small but nonzero components 
In the direction of propagation, so that the fields 
are almost but not quite transverse to the direc¬ 
tion of wave propagation. 

Real mode: a mode of operation that replicates 
that of an 8088-based PC to maintain compati¬ 
bility for some programs. In real mode, an 80286- 
or 80386-based PC limits Its addressing capabil¬ 
ity to 1M byte of RAM. 

286-protected mode: a mode of operation that 
replicates that of an 80286-based PC, using 
80286 instructions not present in the 8088. In 
286-protected mode, the 80386 limits its ad¬ 
dressing capability to 16M bytes of RAM. 
386-protected mode: the normal mode of oper¬ 
ation for 80386-based PCs, in which 80386 in¬ 
structions not present in the 8088 or 80286 are 
used. The 80386 runs fastest in this mode and 
can address up to 4G bytes of RAM. 

Rip-up and retry: a popular algorithm for trace 
placement that goes back and rips up previously 
laid down traces as necessary to optimize board 
layout. 

Scalar field variable: a quantity that has a sin¬ 
gle, or scalar numerical value at every point In 

Schematic: a diagram in which component 
parts, physical or logical, are represented by 
simple symbols and their connections are 
represented by lines. 

SMT: Surface-mount technology. 

Solid modeling: a technique used to create and 
represent three-dimensional shapes in com- 

Structured program; a program constructed of 
a basic set of control structures, each with one 
entry point and one exit. 

Structured programming: a software develop¬ 
ment technique that incorporates top-down de¬ 
sign and implementation, and strict use of 
structured-program constructs. 

Subcircuit: a group of physically realizable com¬ 
ponents that performs a specific function, typi¬ 
cally treated as a black box. 

Translator: a computer system in which input in¬ 
formation is converted to the same information 
in a different format. 

WIMP interface: a program interface that uses 
windows (W), icons (I), a mouse (M), and pull¬ 
down menus (P). Windows and the Macintosh in¬ 
terface are both WIMP interfaces. 

Window: in digital filter design, a type of weight¬ 
ing function. In graphical interface terminology, 
any area of a computer display temporarily dedi¬ 
cated to running a particular software- 
controlled task. 

Wire list: an ASCII file describing how the com¬ 
ponents are physically interconnected. (See 
also Netlist and Parts list.) 

XMS memory: Extended memory system—a 
technique for overcoming a PC’s memory limi¬ 
tations using disk storage. (See also EMS.) 
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The competition is tough in today’s marketplace. 
Innovative companies need to bring their products 
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■ HSPICE is proven in the marketplace. Engineers 
have depended on HSPICE for over ten years to 
provide the circuit simulation solution they demand. 

■ HSPICE addresses all electronic industry seg¬ 
ments, including mixed signal ASICs, custom 1C 
design, PCB/backplane design, cell character¬ 
ization, RF and microwave designs, and discrete 
power applications. No matter what your speciality, 
HSPICE provides the answers. 

■ HSPICE is continually enhanced and improved 
to stay ahead of your creative processes. When 
your design is ready to be simulated, HSPICE will 
be there with the tools you need for accurate results. 
Transmission lines and submicron MOS models are 
already part of HSPICE. So is the built-in optimizer. 


■ The HSPICE Instrumentation Interface, ATEM, 
along with a custom MetaTestchip™ automates 
HSPICE model creation. Meta-Software also main¬ 
tains a semiconductor measurements lab for 
research and development efforts and user model 
generation. Meta-Software compares results to the 
silicon itself, not to other simulators. You don’t get 
a comparable answer you get the right answer. 
Engineers designing analog and mixed signal 
circuits turn to Meta-Software’s HSPICE for their 
simulation solution. Yesterday, today and tomorrow 
—wete there to give you the competitive advantage. 

^ AfO^-SOFTVAP£ 

THE CIRCUIT DESIGN ADVANTAGE! 

1300 White Oaks Road • Campbell, CA 95008 
Phone (408) 371-5100 ■ Toll Free (800) 346-5953 
FAX (408) 371-5638 ■ Telex 910-350-4928 


Pacemaker photo courtesy of Cardiac Pacemakers, Inc, Satellite photo courtesy of NASA. Use of PC board courtesy of Sun Microsystems, Inc. 

Circle No. 201 




































Defining terms 


ALS: advanced low-power Schottky. 

ASIC: application-specific integrated circuit; 
usually designed by the customer with automat¬ 
ed tools provided by the manufacturer. 
Assembler: a utility program that translates 
symbolic assembly language instructions into 
machine instructions or data on a one-to-one 

Axisymmetric: an object possessing an axis of 
rotational symmetry. 

Behavioral model: a software model of a “black 

box” circuit whose output r -- 

input(s) is based only on U88f-d( 
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Block diagram: a drawing In wl 
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Connectivity: connections of 
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DRC: design rules checker—software that exa¬ 
mines a design to make sure it conforms to 
manufacturing rules. 

DXF: Drawing Interchange Format—a standard 
format for transferring information to mechan¬ 
ical CAD programs. 

EDA: electronic design automation, that branch 
of computer-aided engineering concerned 
primarily with design tasks. It is often used in¬ 
terchangeably with CAE. 

EDIF: Electronic Design Interchange Format. 
EGA: enhanced graphics adapter, an improved 
version of the CGA with higher resolution and 
greater color capability. 

EiCs: equivalent ICs (integrated circuits)—a way 
of expressing the component capacity of a lay¬ 
out package. 

3 not visible to the end 


EMS memory: Expanded Memory System- 
Implemented in software, a means of expanding 
the addressing capability of a PC DOS to more 
than IM byte. (See also LIM memory.) 

FFT: fast Fourier transform. 
Field-programmable gate array (FPGA): an array 
of gates on a chip whose interconnections can 
be arranged electronically by the user. 
Finite-element method: a procedure for solving 
electromagnetic field problems by dividing the 
domain of interest Into small, basic elements 
and by solving differential equations in each of 
those elements. 

FIR filter: finite impulse response filter. 


Force vectors: a tool to help achieve optimal 
component placement, force vectors are lines 
emanating from components, whose lengths 
and directions provide visual clues as to where 
components should be moved to minimize con¬ 
nection length. 

GPIB: general-purpose interface bus, also called 
HPIB (Hewlett Packard interface bus) and, more 
formally, IEEE Standard 488.2 interface. A byte- 
serial bus created to interconnect instruments 
and computers. 


an iterative technique for solving large sparse- 
matrix equations In which the solution is com¬ 
puted by minimizing the residual In successive 
orthogonal directions. 

Preprocessor program: a computer utility that 
prepares an Input file for efficient use by a sec¬ 
ond, more important program—also called a 
front-end program. 

Producer: in a framework environment, a soft¬ 
ware package that generates information that 
can be used by another software tool. 
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tions on circuit performance. 

Netlist: an ASCII file describing the circuit ele¬ 
ments and the way they are connected, as dis¬ 
tinct from a pictorial representation in a 
schematic. 

Parameter passing: the ability to assign a par¬ 
ticular value to a circuit parameter in a generic 
model so that it can simulate a specific circuit. 
Without this ability, each model in a component 
library must be manually customized for a 
specific application. 

Parts list: an ASCII file listing the kinds and 
quantities of components needed to fabricate 
the circuit. (See also Netlist and Wire list.) 
PCX: a standard graphics format for IBM- 
compatible PCs. 

PLD: programmable logic device—a device con¬ 
taining transistors that can be interconnected 
electronically by users to perform various logic 
functions. (See also FPGA.) 

Point-and-click interface: a graphical Interface 
that employs a pull-down or pull-over menu, 
or icons and a mouse. (See also WIMP inter¬ 
face.) 

Postprocessor program: a computer utility that 
manipulates an output file created by a second, 
more important program—also called a back¬ 
end program. 

Power keys: a computer interface in which cer¬ 
tain simple key-stroke combinations perform 
the same function as opening a pull-down menu 
and selecting an entry. 

Preconditioned conjugate gradient aigorithm: 


represented by lines. 

SMT: Surface-mount technology. 

Solid modeling: a technique used to create and 
represent three-dimensional shapes in com¬ 
puters. 

Structured program: a program constructed of 
a basic set of control structures, each with one 
entry point and one exit. 

Structured programming: a software develop¬ 
ment technique that incorporates top-down de¬ 
sign and implementation, and strict use of 
structured-program constructs. 

Subcircuit: a group of physically realizable com¬ 
ponents that performs a specific function, typi¬ 
cally treated as a black box. 

Translator, a computer system in which input in¬ 
formation is converted to the same information 
in a different format. 

WIMP interface: a program interface that uses 
windows (W), icons (I), a mouse (M), and pull¬ 
down menus (P). Windows and the Macintosh in¬ 
terface are both WIMP interfaces. 

Window: in digital filter design, a type of weight¬ 
ing function. In graphical interface terminology, 
any area of a computer display temporarily dedi¬ 
cated to running a particular software- 
controlled task. 

Wire list: an ASCII file describing how the com¬ 
ponents are physically interconnected. (See 
also Netlist and Parts list.) 

XMS memory: Extended memory system—a 
technique for overcoming a PC’s memory limi¬ 
tations using disk storage. (See also EMS.) 
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HSPICE: From Concept to Creation 


The competition is tough in today’s marketplace. 
Innovative companies need to bring their products 
to market just as the demand ripens. HSPICE is the 
optimizing circuit simuiator which brings concepts 
to reaiity. 

Why HSPICE? 

■ HSPICE is proven in the marketplace. Engineers 
have depended on HSPiCE tor over ten years to 
provide the circuit simulation solution they demand. 

■ HSPiCE addresses all electronic industry seg¬ 
ments, inciuding mixed signal ASICs, custom 1C 
design, PCB/backplane design, celi character¬ 
ization, RF and microwave designs, and discrete 
power appiications. No matter what your speciaiity, 
HSPICE provides the answers. 

■ HSPiCE is continually enhanced and improved 
to stay ahead of your creative processes. When 
your design is ready to be simuiated, HSPICE will 
be there with the toois you need tor accurate results. 
Transmission lines and submicron MOS modeis are 
already part of HSPICE. So is the built-in optimizer. 


■ The HSPICE Instrumentation Interface, ATEM, 
along with a custom MetaTestchip™ automates 
HSPICE model creation. Meta-Software aiso main¬ 
tains a semiconductor measurements lab for 
research and development efforts and user model 
generation. Meta-Software compares resuits to the 
siiicon itseif, not to other simuiators. You don’t get 
a comparable answer, you get the right answer. 
Engineers designing anaiog and mixed signai 
circuits turn to Meta-Software’s HSPICE for their 
simuiation soiution. Yesterday, today and tomorrow 
—weTe there to give you the competitive advantage. 

K M£TA-SOFTVAP£ 

THE CIRCUIT DESIGN ADVANTAGE! 

1300 White Oaks Road ■ Campbell, CA 95008 
Phone (408) 371-5100 ■ Toll Free (800) 346-5953 
FAX (408) 371-5638 ■ Telex 910-350-4928 


Pacemaker photo courtesy of Cardiac Pacemakers, Inc. Satellite photo courtesy ot NASA. Use of PC board courtesy of Sun Microsystems, Inc, 
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FOCUS REPORT: ENGINEERING SOFTWARE 


Needed DSP software emerges 

Hardware that can digitally handle analog signals ranging from the human voice to seismic 
echos is pushing the demand for software tools to simplify DSP programming 



Digital signal processing 
(DSP) is on a roll. The 
technology is being used 
in numerous consumer 
and other commercial 
areas, in products rang¬ 
ing from talking toys to 
instrumentation for 
analyzing seismic returns 
in oil and gas exploration. The applica¬ 
tions go on and on: compact-disc players, 
music synthesizers, biomedical monitors, 
studio-grade audio equipment, speech 
processors, programmable spectrum 
analyzers, and other intelligent laborato¬ 
ry instruments. And there are many mili¬ 
tary applications, too: broadband and 
frequency-hopping communication sys¬ 
tems; conventional, synthetic, and array 
radars; lidar; sonar; and automatic target 
recognition. Although much of the 
popularity of DSP is due to the increased 
availability of low-cost DSP integrated cir¬ 
cuits, an enlarged base of experience in the 
use and programming of these DSP en¬ 
gines has played a role. A growing num¬ 
ber of hardware DSP accelerator boards, 
which are useful for prototyping new ap¬ 
plications, has also contributed largely, as 
have the expanding collection of proven 
application development libraries and the 
appearance of more and more DSP de¬ 
velopment tools for the ubiquitous PC. 

Those tools fall into two distinct cate¬ 
gories, which correspond to the two main 
branches of digital signal processing: pack¬ 
ages whose jobs are mainly signal acqui¬ 
sition and manipulation, and DSP 
programming environments. The former 
are of interest to laboratory data- 
acquisition engineers, to whom DSP sim¬ 
ply means digitizing a signal and then 
manipulating it off-line for analysis, 
whether or not an actual DSP IC is used. 
The latter will appeal mainly to hardware 
engineers who are interested in program¬ 
ming ultrafast DSP chips for embedding 
in systems of various types. 

Among the many software packages 
whose jobs are mainly signal acquisition 
and manipulation are such programs as 
ILS, DADiSP, LabWindows, DSPlay, and 
Asyst. These packages, which are often 
used to develop algorithms, come with as- 


Bruce C. Mather 
Southwest Research Institute 


sorted user interfaces: command mode, 
menu mode, icon-oriented, and some even 
based on signal-flow diagrams. They can 
turn a PC into a powerful data acquisition 
and processing workstation or instrument. 

More general-purpose math packages, 
which manipulate vectors and matrices 
and can therefore perform signal pro¬ 
cessing, are also available. They might also 
be called “equation solvers” with a built- 
in “mathematical language,” and they in¬ 
clude Matlab, Mathcad, and Mathemati- 
ca. These packages often include routines 
for performing such operations as fast 
Fourier transforms (FFTs), convolutions, 
signal arithmetic (adding and multiplying 
signals), simple filter design and applica¬ 
tion, signal generation (sinusoid, square 
wave, random), and statistical functions 
(mean, variance, extrema). 

Even more important, they usually en¬ 
able the user to manage signals, signal 
files, and data from analog I/O boards in 
a clear and intuitive manner. Those data 
management considerations become ex¬ 
tremely important when large numbers of 
signals are collected for algorithm develop¬ 
ment. All of these software products make 
use of the advanced color graphics capa¬ 
bilities of the PC. 

At the other extreme of the software 
spectrum are the DSP chip programming 
environments. Each DSP microprocessor 
has an assembler and linker associated 
with it that converts the DSP assembly lan¬ 
guage programs into executable DSP ma¬ 


chine language. More sophisticated sys¬ 
tems make available C compilers and a 
generous supply of library routines. 

Library support is vital. There is no 
point in having every user write code to 
perform an FFT for every DSP chip he or 
she uses. That should be taken care of by 
library functions, just as is done for 
trigonometric functions. Of course, there 
are a wide variety of FFT algorithms avail¬ 
able, which are optimized for various in¬ 
puts and outputs, and a good library will 
offer an appropriately ample selection. For 
example, a simplified version should be 
offered for applications that need only the 
FFT magnitude rather than the complete 
complex FFT. 

DSP debuggers are also available for 
DSP chips. Debugging programs may be 
for assembly language or for C. Debuggers 
permit the developer to stop the program 
at arbitrary points (breakpoints) and ex¬ 
amine memory and registers. DSP simu¬ 
lators provide a means of testing the DSP 
machine code without having a expensive 
DSP coprocessor board in the PC. How¬ 
ever, the DSP code is interpreted on the 
host processor, and so runs quite slowly. 

Between the signal manipulation en¬ 
vironments at one extreme and the 
programming environments at the other 
is a great deal of software designed to help 
the engineer write code for specific DSP 
products. Such programs as FDAS, Dis- 
pro. Hypersignal Plus, Monarch, DSPlay 
(Continued on p. 54) 



By providing a wide 
range of DSP al¬ 
gorithms and a 
simple user inter¬ 
face, a good DSP 
package will let 
designers review 
and analyze com¬ 
plex information in 
graphical forms- 
like surface con¬ 
tour and symbol 
plots—that make 
the most sense for 
a particular appli¬ 
cation. 
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Sometimes it’s harder to stay out front than it is 
to get there. That’s why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 
diagram modeling and simulation program for work¬ 
station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 
for mixed continuous and discrete systems, lineariza¬ 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there’s no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. 


Ills not easy being top dog. 


Ctri-Cfviil^ for 386 PCs. Sun. A{X)ll<i2jidI)E(;>Mirisutk>ns, DEC nulnfraiiKsiiKl Convex. Mac versions available soon. Model-C avaMleforVAXandSiin3TOilstatk)iu.SRU(Cstatk)n, DECsutkin ami Mac version coming soc»lC 0-M:* and Mo(kl-C^ are trademarks of Systems Control l^nok^. 
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Representative digital signai-processing packages for personai computers 


Package 

Company 

Year first 
availabie 

Price, 

US$ 

Min. mem¬ 
ory, bytes 

Algorithms and features 

Code generator 

BUG-56 

Ariel Corp. 

1988 

$395 

640K 

Monitor and symbolic debugger 

DSP56001 

Monarch Professional, 

V2.0 

The Athena Group 

1988 

(V2.0,1990) 

$595 

640K RAM 

5 FIRS, 8 IRs, state-variable, pole-zero 
and transfer function design, 7 HR ar¬ 
chitectures, programmable signals/sys¬ 
tems laboratory with 100-F DSP/math 
functions, extensive fixed-point support, 
FFT/IFFT, laser and plotter output, exe¬ 
cute directly on selected board 

TMS320C20, 25, 
DSP32, 32C, 
DSP56000/1, 

HSP43220 

Digital Filter 

Atlantic Signal 

1984 

$1195 

640K 

Price Includes code generator for one 

TMS320C10,15,17, 

Design Package 3 
(DFDP3) 

Processors Inc. 

(V 3, 1990) 

(add’l code 
generators 
$149) 


DSP family; HR, windowed FIR, Parks- 
McClellan FIR, graphical interface and 
analysis, automatic code generation 

25, 30, DSP32 

DSPlay XL 

Burr-Brown Corp. 

1988 

$1495 

640K 

Graphical algorithm development tor 
specific DSP chips; Includes assembler 

DSP32,32CC 

DADiSP Version 2.0 

DSP Development 

Corp. 

1988 

(V 2, 1989) 

$1695 

2M 

Spreadsheet signal-processing system; 
FIR, HR FFTs, power spectrum, convo¬ 
lution, signal generation 


Tlger-30 

DSP Research 

- 

- 

- 

C compiler and source debugger 

TMS320C30 

DSP Package 

Dalanco Spry 

1988 

$895-$1095 

(Includes 

hardware) 

512K 

FFT, signal and spectrum display, data 
acquisition software, waveform editor, 
assembler/debugger 

Company’s own 
TMS320C10- and 
TMS320C25-based 

PC plug-in boards 

PF320/SSP 

Forth Inc. 

1987 

$3050 

24K 

DSP development environment; exten¬ 
sive fixed-point math library; no filter 
design 

Spectrum’s 

TMS320C25-based 

PC plug-in board 

Hypersignal Plus 

Hyperceptlon Inc. 

1987 

$489 

384K 

FIR/HR filters user defined 

ADSP 2100, 2101, 
DSP56000, 
TMS320C10,25, 30 

InterTools Compiler/ 

Assembler 

Intermetrics Inc. 

1990 

$2425 

640K 

Optimizations Include Instruction 
coalescing 

DSP96002 

MathCAD 

MathSoft Inc. 

1986 

$495 

640K 

Mathematical equation solver; features 
include FFTs, multiple statistical func¬ 
tions. EE application packs available 

N.A. 

Matlab 

The MathWorks Inc. 

1985 

$695-$1995 

640K(PC) 

2M (386) 

HR, FIR, spectral analysis 1-D and 2-D 
FFTs, correlation, convolution, decima- 

with 2-D and 3-D graphics; signal pro¬ 
cessing toolbox option available 

N.A. 

NDP/FFT 

MIcroway Inc. 

1988 

$250 

2048K 

Radix-2 FFTs for real and complex data; 
arbitrary-length FFT; 1-D and 2-D FFTs, 
convolution and correlation; autocorre¬ 
lation; complex and Inverse capstrum; 
Hanning, Manning, and Blackman- 
Harris windows; floating-point/integer 
and polar/rectangular complex-number 
conversions; supports arrays to 4G bytes 

80386 or 80384 with 
appropriate Intel 
coprocessor (also In¬ 
cludes Weitek 
support) 

FDAS 

Momentum Data 
Systems 

1987 

$495 

(VI, basic)- 
$895 
(V2, 

advanced) 

640K 

IIR/FIR, quantization effects, fixed-point 
simulation; compensation: D/A, comb, 
phase equalization 

DSP32, ZP832, CAC 
DSP32-PC; LSI 
(Spectrum) DSP32; 
DSP56001, 

DSP96002; 

TMS32 on series 
Spirit-30 

Lab Windows Advanced Anal¬ 
ysis Library Version 2.0 

National Instrument 
Corp. 

1987 

(V 2.0,1990) 

$895 

2M 

FIR, HR, Butterworth, signal generation, 
FFT, FHT, convolution, correlation; trian¬ 
gle, Hanning, Hamming, Blackman and 
Kaiser Windows 

N.A. 

ILS family 

Signal Technology 

Inc. 

1978 

(updated 

1990) 

$1000- 
$2000 with 
options 

640K 

Pattern recognition; FFT; HR and FIR de¬ 
sign, analysis, and development; power 
spectra, fixed/floating-point speech 
processing; convolution, quantization, 
compensation: data acquisition, file 
transfer/manipulation 

Fixed point (through 
Momentum), floating 
point (through 

ASPI), SPOX server 

Dispro V 2.0 

Signix 

1990 

$395 

(personal) 

$945 

(profn'l) 

384K 

HR, FIR, arbitrary-magnitude FIR, FFT, 
coefficient quantization and scaling, full 
simulation In fixed-point, time-domain 
plotting, signal generation 

TMS320C1X,2X, 
ADSP210X, 
mPD77C25, DSP32C 

Digital Signal Processing 

Library 

Sonitech International 

1987 

$895 
(source: 
object is $295) 

640K 

C library of DSP routines 

Spirit-30 

MacDSP 

Spectral Innovations 

1988 

$2995 

1M 

DSP library for C, Pascal, Fortran, and 
Basic FFT, 2-D convolution, image filter¬ 
ing, data acquisition 

Company’s own 
DSP32C-based 
product 
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For complete specs 
and FREE evaluation 
packages, call 

800 433-7801 


Superior Schematic Capture —‘ ^ 

from the Leader in PCB Design. 

OrCAD’’''^’ claims that they’re "the best” schematic capture package around. We 
say simply, Tango-Schematic Series II is better. Once you’ve seen Tango, we think 
you’ll agree it’s the very best schematic capture package you can buy for under $500. 

Tango-Schematic is the front end of the popular Tango family of PC-based elec¬ 
tronic design software. Users execute all common functions with Tango’s easy-to- 
use “Windows™-like” interface (unlike OrCAD/SDT). Tango takes an integrated 
approach to design, with sheet and component creation, post processing and 
hard copy generation, all executed from a single program (with OrCAD/ 

SDT, you’ll run as many as twenty different programs to access 
all functions). 

Tango-Schematic’s extensive device libraries from SEDCO 
contain over 10,000 commercial, true ANSI/IEEE and 
DeMorgan symbols, all verified for accuracy (compared to » 

about 6,000 symbols in OrCAD/SDT and they make no 
claims about accuracy, either). 

Post-processing features include: forward and back • 

annotation, design rule checking and sheet cleanup. 

Tango, EDIF 2.0, PSpice,™ P-CAD™ and other net 
list formats are supported. 

Other examples of Tango’s versatility include: \ 

support of homogeneous and heterogeneous components; 
unlimited zoom levels; display of hidden pins to enable X ' 
splitting power and ground nets; and use of a unique 
snap-to-pin feature for guaranteed wire-to- ’’ y,, 

component connections (don’t bother " "'V \ 

looking for these features in OrCAD/ f ^ 

SDT, you won’t find them). Tango- / 

Schematic also includes the first year f ^ 

of updates, free technical support, I 

our Tango bulletin board J 

service and newsletter. f ^ ^ 

Look beyond the 

claims and make sure mm 

you’re really using 

“the best” tools 

available. Call us 

toll free for more 

information or to 

request your free, 

functional evalu- ’’f — — 

ation package. t ' 


Helping good ideas become great products. 

ACCEL Technologies, Inc. 

6825 Flanders Drive • San Diego. CA 92121 
619/554-1000 • Fax 619/554-1019 








Take Control With MATRIXx. 


Only one family of products offers a streamlined software environ- 
nt for each phase of control system development — the ISI Product 
Family. For aerospace, automotive, computer peripherals, industrial 
control, and material processing. 

Build a complex graphical system model. Analyze the system and 
design a controller. Run real-time animated simulations. Plot the 
results. Refine the design. Generate real-time Fortran, C, or Ada code. 
Download it into a target proces¬ 
sor. Run it in real-time. All with 
one family of software products. 

► Solve arithmetic and engi¬ 
neering problems without 
programming in Fortran or C. 

► Design multivariable engine 
controllers faster. 

► Optimize controllers for non¬ 
linear robotics applications. 

► Model and simulate compli¬ 
cated nonlinear braking 
systems for antilock brake 
control. 

► Create innovative satellite 


attitude controllers using the latest robust design techniques. 

► Simulate aircraft and missile guidance systems before expensive 
hardware testing. 

► Prototype systems in hours — not months. 

MATRIXx is the least expensive engineering analysis product avail¬ 
able today. 

Engineering professionals 
worldwide continue to rely on 
rirtSTaigorilh™ ISI’s products to Streamline con- 

xpansion Modules: trol system design. Now it’s your 

Interactive Animation tum. CaU 408-980-1500 for infor- 

sr:l“ator "nation, a complete set of Data 

Automatic Documentation Sheets, or the phone number of 

Project Database your nearest sales representative. 


2500 Mission College Blvd. 
Santa Clara, California 95054 
Tel: (408) 980-1500 
Fax: #408-980-0400 


Design • Simulation • Code Generation • Implementation 
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XL, and DFDP are available for the popu¬ 
lar PC platform. 

Of course, there is a limit to what can 
be done on a PC platform. PC-based soft¬ 
ware packages are best for modest projects 
with only one DSP engineer. For larger 
projects, which require several engineers, 
higher-end engineering workstation plat¬ 
forms, such as the Sun and MicroVAX 
families, are used, usually networked to¬ 
gether for group-oriented signal-pro¬ 
cessing efforts. Software for such situa¬ 
tions includes: Signal Processing Work¬ 
station and Block Oriented Network 
Simulator (Bones) by Comdisco, N! Power 
by Signal Technology Inc., ORYX Signal 
Processing Workstation, SIGX by Techni- 
Soft, and SonaGraph by Kay Elemetrics. 
Those packages do more (and also cost 
more) than the PC-oriented products con¬ 
sidered in this article. 

Digital filter design 

A classic DSP engineering problem is 
filter design. A digital filter is most often 
used to remove unwanted frequency bands 
from a digitized signal, shape the spec¬ 
trum, or modify the signal phase. It is the 
digital equivalent of a standard, active ana¬ 
log filter. 

There are two main types of filters used 
in the world of DSP: finite-impulse- 
response (FIR) and infinite-impulse- 
response (HR). FIR filters are always sta¬ 
ble and have a linear phase response, which 
means that all frequency components of 
a complex signal undergo the same time 
delay in passing through the filter. 

HR filters require fewer stages to achieve 
the same performance as their FIR coun¬ 
terparts, but they can often prove unsta¬ 
ble. Also, they cannot be designed to have 
linear phase, so they must be ruled out for 
many applications. Clearly, the choice of 
HR or FIR depends upon the details of the 
application. 

HR filters 

Although digital filtering techniques can 
realize functions not possible with analog 
circuitry, they are most often built simply 
by transferring analog designs to the digi¬ 
tal domain. For example, the standard de¬ 
sign methodology for an HR digital filter 
is to convert the analog filter design in the 
s-plane to the digital domain by means of 
a bilinear transformation of the z-plane. 
In that transformation, the left half of the 
s-plane is mapped into the unit circle of the 
z-plane. 

Classic filter types Include Butterworth 
(maximally flat in passband), Chebyshev 
I (equiripple in passband), Chebyshev II 
(equiripple in stopband), elliptic (equirip¬ 
ple in both bands), and Bessel filter (group 
delay is maximally flat at dc). The s-plane 
to z-plane transformations are used be¬ 
cause these analog filters are well under¬ 
stood and engineers are comfortable work¬ 


ing with them—that is, design methodol¬ 
ogies exist for creating analog filters to 
given specifications. 

A good software package for DSP fil¬ 
ter design today will let the user choose the 
type of HR filter he or she needs. Most 
contain at least the first four filters men¬ 
tioned above, although DSPlay omits the 
elliptic filter, which is widely used because 
it produces the lowest-order filter design. 

Designing a filter requires the following 
information: sample frequency (which 
must be at least twice the maximum fre¬ 
quency component in the signal), pass- 
band and stop-band frequency specifica¬ 
tions, pass-band ripple, and stop-band 
attenuation. From those values, the order 
of the filter can be estimated for each type 
of filter option. The Butterworth and Bes¬ 
sel filters will have the highest order and 
the elliptic will be lowest. The user picks 
the filter type and order, and the program 
goes on to compute the coefficients. 

Estimation of filter order is a nice fea¬ 
ture of obvious value, yet not every pack¬ 
age has it. Some packages require that the 
user specify the order before the computer 
will compute the filter coefficients and fre¬ 
quency response. In such cases, if the specs 
are not met, the order may have to be in¬ 
creased. It is clearly preferable to know 
from the outset how big the filter must be 
before spending central-processing-unit 
time computing the coefficients and plot¬ 
ting the response. 

Dispro by Signix, Wayland, Mass., has 
a small window that displays the estimat¬ 
ed filter order for each of the available HR 
filter types. When any of the design 
specifications are changed, the filter order 
is updated. That implementation has the 
added benefit of helping DSP novices get 
a feel for the tradeoffs involved in filter 
design. 

FIR filters are classically designed with 
two different techniques: windows (not to 
be confused with a graphical window, X- 
windows, or Windows 3.01) and the Parks- 
McClellen (P-M) algorithm. Most filter de¬ 
sign packages include both methods. 
When designing an FIR filter with a win¬ 
dow, the user often must chose the type of 
window to be used. Most DSP software 
packages have a great diversity of windows 
to pick from: rectangular, Hamming, Han¬ 
ning, Blackman, Kaiser, and so on. How¬ 
ever, it should be pointed out that the Kai¬ 
ser window is optimal and often the only 
window required. Optimality here means 
the user has control of the tradeoff be¬ 
tween the width of a filter’s transition band 
and the attenuation in its stop band. 

The P-M algorithm generates the set of 
FIR coefficients that minimizes deviation 
from a given filter specification. Unless the 
filter requirements are too stringent (very 
narrow transition bands, for example), it 
will always converge to a solution. The P- 
M algorithm even permits arbitrary fre¬ 
quency specifications for performing any 


spectral shaping necessary. Both the P-M 
and window techniques are included in all 
the packages mentioned, though Monarch 
disguises P-M somewhat by calling it the 
Chebyshev FIR. Monarch, from the Athe¬ 
na Group Inc., Gainesville, Fla., also in¬ 
cludes a “Max-Flat” FIR design module, 
which produces maximally flat pass and 
stop bands for low-pass filters. It is based 
on work by J.F. Kaiser. 

As already noted, the DSP filter design 
process is filled with tradeoffs. The soft¬ 
ware package should minimize the effort 
the filter designer must put in to play with 
these tradeoffs. A well-designed package 
will not require the user to reenter filter 
specifications for every design iteration, 
but it will have a facility for easily modify¬ 
ing them after a filter computation cycle. 

The ideal package will also produce fre¬ 
quency response plots with only one or two 
keystrokes (preferably automatically, when 
the design cycle is complete). Happily, 
most packages satisfy these simple criter¬ 
ia. An exception is DFDP (version 2.12), 
which requires renavigating the menu tree 
and reentering data for each design itera¬ 
tion. Monarch (version 1.7) requires going 
up and down a few menus and operations 
to get the frequency response plot of the 
filter. Version 2.0, however, corrects that 
shortcoming. 

Most available DSP filter design soft¬ 
ware contains avenues for designing the 
previously mentioned HR and FIR filters. 
The differences between packages are in 
the sequences in which information is en¬ 
tered and in the provisions made for evalu¬ 
ating tradeoffs. 

Coefficient quantization 

Once a filter has been designed and the 
coefficients stored away in a disk file, the 
engineer may consider the actual im¬ 
plementation. For off-line use (non-real¬ 
time), a floating-point high-level-language 
program can be written that uses these 
coefficients for the filtering operation. 
Some packages even implement the filter 
on a user-supplied signal with no further 
program development. 

If a real-time system based on a DSP 
chip is being designed, it will be necessary 
to decide whether to employ fixed- or 
floating-point arithmetic. Until the past 
two or so years, DSP chips were strictly 
fixed-point devices. All the coefficients, in¬ 
ternal filter values, and trigonometric 
functions were stored as fixed-point values, 
and all multiply and accumulate opera¬ 
tions were done in fixed-point arithmetic. 
That led to certain critical difficulties in 
DSP filter implementation. 

When floating-point filter coefficients 
are converted to fixed-point values in the 
process called quantization, subtle changes 
occur in the actual filter implementation. 
There will be slight changes in the pass- 
band and stop-band responses, and stable 
HR filters may even turn into unstable de- 
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SOFTWARE: 


ADVANCED FILTER DESIGN 
SYSTEMS: 

FDAS1, FDAS2, 
MACFILTER, SUNFILTER 

FOR IBM PC, MACINTOSH, SUN 4 PLATFORMS 

CALL FOR FREE DEMO 
CODE GENERATORS: 

Analog Oevices, AT&T, Motorola, 

Texas Instruments 

DATA ACQUISITION: 

DSFWorks - provides signal generation, real¬ 
time signal acquisition and signal processing 
capabilities. 


HARDWARE: 


MAC56: motorola dsp56001-based 

DEVELOPMENT SYSTEM FOR THE 
MACINTOSH 

PC-56: MOTOROLA DSP56001 PC 
BOARD 

DSP56: MOTOROLA DSP56001 PO 
BOARD 

DSP-C25: Tl TMS320C25 BOARD 
DSP16 PLUS: ti tms320C25 board 
DSP32-C: AT&T DSP32C PC BOARD 
SPIRIT-30: Tl TMS320030 BOARD 
MM96: MOTOROLA DSP96002 pc 
BOARD 

S-56, S-56X: motorola dsp 56001 
SBUS CARD FOR SUN SPARCstation 

CALL FOR CATALOG 


DEVELOPMENT SYSTEMS 


ASSEMBLERS/LINKERS, C LIBRARY, 
DSP LIBRARY MONITORS/DEBUGGERS 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE, SUITE 108 
COSTA MESA, CA 92626 
TEL: (714) 557-6884, FAX (714) 557-6969 

REPRESENTATIVES OUTSIDE THE U.S,: 
AUSTRALIA: SPA, PH: (3) 7290995, FAX (3) 
7204298 

DENMARK: ASSENTOFT ELECTRONICS, PH: 86 16 29 
26, FAX: 86 16 20 12 

FRANCE: EXCEM, PH: (1) 47.52,13.44, FAX: (1) 
47.77.03,43 

GERMANY: ELECTRONIC TOOLS, PH: (2102) 841013, 
FAX: (2102) 841000 

INDIA: SIGNION SYSTEMS, HYDERABAD, PH: 
842-38085 

ITALY: CAD ITALIA, PH: (02) 617.25.21, FAX: (02) 
612.00.03 

SWITZERLAND: IDK, PH: (56) 27 27 77, FAX: (56) 
27 27 59 

UNITED KINGDOM: SSE MARKETING, PH: (71) 
387-1262, FAX: (71) 388-0339 

NOTE: SOME ITEMS FOR SALE IN 
NORTH AMERICA ONLY. 

Circle No. 225 


For groups of en¬ 
gineers working on 
compiex DSP proj¬ 
ects, networked 
workstation toois 
are considered a 
necessity. Inter¬ 
active analyses, 
performed by multi¬ 
tasking systems 
with linked charts 
such as those at 
right, let engineers 
quickly see the 
effect of changes 
while providing es¬ 
sential group com¬ 
munications. 



signs. A useful feature of DSP filter design 
software, therefore, is the ability to evalu¬ 
ate the response of the filter after coeffi¬ 
cient quantization. The filter coefficients 
are converted into a fixed-point number of 
a user-specified bit-length (typically 15 bits 
plus a sign bit), and the magnitude and 
phase responses are plotted. 

An HR filter is usually implemented as 
a series of biquads (short for biquad¬ 
ratics—a ratio of two quadratic expres¬ 
sions in z-1). These biquads represent 
second-order stages in the filter, and con¬ 
figuration and ordering are important to 
minimize sensitivity to quantization and 
internal rounding and to eliminate inter¬ 
nal overflow. There are many ways to fac¬ 
tor the ratio of two large polynomials into 
a series of biquads; it is important to do 
it in one of the ways that will not cause 
trouble. 

Another nice software feature is the au¬ 
tomation of the biquad configuration, 
which minimizes sensitivity and eliminates 
overflow. Overflow is eliminated by com¬ 
puting the stage gain constant, which 
keeps the peak frequency response to 0 de¬ 
cibel (overall gain equals 1). John O’Don¬ 
nell of Signix in his HR filter designs has 
developed a “merged biquad” architecture 
that prevents internal overflow by control¬ 
ling the gain at each stage of the filter. 
Only a couple of extra clock cycles are re¬ 
quired to rescale the signal for each stage. 

Real-time-filter implementation 

Once the filter has been designed, the 
next logical step is to build a prototype to 
verify the design. Building a board from 
scratch would be a difficult, time- 
consuming endeavor, so DSP coprocessor 
boards exist for just that purpose. Such 
boards, which plug into a slot in the PC, 
are made by companies like Ariel, Atlan¬ 
tic Signal Processors, Burr-Brown, Dalan- 
co Spry, DSP Research, Hyperception, 
Sonitech International, and Spectrum Sig¬ 
nal Processing. In some cases, those com¬ 


panies sell boards that are actually 
manufactured by the DSP chip makers. 

In many cases, the board vendors bun¬ 
dle third-party software with their 
products. For example, Sonitech, Spec¬ 
trum Signal Processing, and Ariel all offer 
the Hyperception products for apphcation 
and filter development. Burr-Brown Corp., 
which sells its own DSPlay XL, also sells 
Momentum’s Filter Design & Analysis Sys¬ 
tem (FDAS). FDAS filter designs can be 
imported in the DSPlay Flowgrams as fil¬ 
ter modules. 

Most DSP boards have one or two ana¬ 
log input channels, analog output chan¬ 
nels, on-board analog-to-digital and 
digital-to-analog converters, and either a 
fixed-point or floating-point DSP chip. 
Some boards even have multiple DSP 
chips on board to increase system through¬ 
put. The large variety of boards match the 
large variety of DSP chips currently avail¬ 
able. Additionally, several of the available 
filter design packages support a wide as¬ 
sortment of DSP boards and processors to 
the extent that DSP processor assembly 
language is produced, assembled, and 
linked into a complete program, ready to 
be downloaded and tested on the DSP 
board. 

In the absence of a plug-in DSP board, 
it may be possible to check out the code 
with a piece of software called a DSP 
simulator. Such simulators are often avail¬ 
able from the hardware board manufac¬ 
turer or reseller. Simulators interpret the 
DSP machine code and actually simulate 
the DSP chip down to the register level. As 
can be imagined, the code-interpretation 
process is very slow and can therefore only 
verify the logical structure of the program. 
A simulator cannot ensure proper real¬ 
time operation. 

Code generators 

One stigma attached to DSP chips is 
that they are difficult to program. While 
some of the more recently announced DSP 
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chips operate in floating-point mode, the 
vast majority of available DSP engines on 
the market run in fixed-point mode. 

Fixed-point mode virtually mandates 
that the chip be programmed in assembly 
language rather than in C or Fortran be¬ 
cause a lot of attention has to be paid to 
scaling to prevent internal overflows dur¬ 
ing the calculation of intermediate results. 
It is not easy to have a C or Fortran com¬ 
piler identify those points in the program 
where scaling will be an issue. Also, posi¬ 
tioning the decimal point involves some 
delicate tradeoffs between dynamic range 
and precision, which are beyond the capa¬ 
bilities of any compiler in this marketplace. 

Of course, assembly language is usual¬ 
ly harder to work with than a high-level 
language. So one way for an application 
developer to quickly get up and going in 
a hardware DSP project is to have the as¬ 
sembly language code for a designed fil¬ 
ter or module generated by the software 
package. Such code generators are becom¬ 
ing very common components of filter de¬ 
sign packages. However, that still leaves the 
main program, I/O handlers, and flow 
control, which are usually required for a 
complete application, to be written the 
old-fashioned way—by hand. 

Code generators often give the user 
some additional flexibility in creating the 
filter. That flexibility comes from specify¬ 
ing how memory is accessed and how 
looping is performed. For example, ASPI 
generates code for many different DSP 
chips from Texas Instruments, taking ad¬ 
vantage of the unique instructions for each 
chip. If a TMS320C25 chip is used, the 
user can specify Direct Paged Memory, In¬ 
dexed Memory, and Indexed Memory with 
Looping Control. He or she can also speci¬ 
fy the additional internal precision if 
necessary—at the cost of extra clock cy¬ 
cles. Of course, each design choice entails 
tradeoffs that must be evaluated against 
the application and filter performance. 

The term “code generator,” by the way, 
is a bit of a misnomer. It refers to the soft¬ 
ware module that produces an assembly 
language program for a specific DSP chip 
or board-level system. Such a module takes 
generalized filter-design text files and fills 
in the holes in them with the coefficients 
and loop counters specific to the filter 
being designed. A separate text file might 
exist for each type of filter configuration, 
and the user selects the appropriate one. 

What to look for 

Ideally, every DSP software package 
would have all the features now viewed as 
essential in such large-scale commercial 
software packages as word processors and 
spreadsheets—an installation program; a 
menu-driven interface; on-line help; sup¬ 
port for many video, printing, and plot¬ 
ting devices; extensive documentation; and 
telephone support. Unfortunately, because 
(Continued on p. 93) 


forEM0meBK 

MAPLE 



Engineers are discovering that a Computer Math 
system is a valuable aid in the design process. 
Maple V is the best you can get. 

Reliable - The best-engineered and tested 
Computer Math system on the market. 
Comprehensive - Unequalled range of capa¬ 
bilities includes calculus, statistics and linear 
algebra. Over 2,000 built-in functions. 
Adaptable - Powerful programming facilities. 
Adapt Maple for specific engineering 
applications. 

Visual - 3-D graphics. Visualize complex 
engineering information in exciting new ways. 
Easy - Rated as the easiest Computer Math 
system to learn. Graphical User Interface 
increases productivity. 

More with /ess - Benchmarked as the most 
efficient full-function Computer Math system for 
small desktop systems. Also available for work¬ 
stations, mainframes and supercomputers. 
Maple V - The engineering math tool you 
can counton. 


MAPLE 


For more information and your free copy of 
THE NEW WORLD OF HIGHER MATH, 
phone ( 519 ) 747-2373 or fax your business 
card to ( 519 ) 747-5284 


Surface representa¬ 
tion of step responses 
for a second order 
feedback control 
system as the open- 
loop gain is varied. 


“Maple may 
be the least 
well-known of 
the program¬ 
mable math 
toolboxes, but 
it deserves 
to be the best 
known.” 

Dr. Barry Simon 
Editor's Choice 
PC Magazine 
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FOCUS REPORT: ENGINEERING SOFTWARE 


Affordable analog design 

Once the pimince of mainframes and minicomputers, software that significantly simplifies 
the design of analog circuits and systems can be found on PCs and MACs 


Today’s powerful per¬ 
sonal computers are 
within the economic 
grasp of any engineering 
organization and can 
automate most of the 
jobs done by individual 
design engineers. And 
because PC-based ana¬ 
log circuit design systems involve mini¬ 
mum investment and organizational dis¬ 
ruption, and hence are not a major cor¬ 
porate commitment, they are the ideal way 
for any company to begin finding out 
about the kinds of design tools available. 

Ten years ago, a typical analog circuit 
designer did much of his or her work at 
a desk with pencil, paper, and handheld 
calculator, then verified the design in the 
laboratory. Today, he or she may still for¬ 
mulate a concept with pencil, paper, and 
calculator, but now will turn to a computer 
for all the other tasks. Math programs help 
develop equations to describe the circuit. 
Schematic capture programs help create 
block diagrams and subcircuits of transis¬ 
tors and other components. Component 
simulators help test and debug the 
subcircuits—and even the complete circuit. 
Graphics postprocessor programs simpli¬ 
fy studying the results of the simulated 
testing and debugging. By using these 
tools, the designer can determine in ad¬ 
vance and with a high degree of certainty 
whether the proposed circuit will work cor¬ 
rectly when built. 

Software that performs these functions 
can run on a variety of platforms: main¬ 
frames, workstations, and even personal 
computers. The accompanying tables, 
which list a wide variety of analog 
computer-aided engineering (CAE) soft¬ 
ware, give the platforms supported by a 
particular software package, along with 
other selection criteria. 

The choice of the ultimate platform for 
Integrating a company’s engineering activi¬ 
ties is not a simple matter. Some organi¬ 
zations need many engineers to work on 
a project simultaneously and to share a lot 
of information rapidly. A design may be 
extremely complex, requiring extensive 
simulation and closely coupled analog and 
digital circuit-level, system-level, mechan¬ 
ical, and software design. In these environ- 

John R. Hines Honeywell Corp. 


ments, a network of workstations linked 
to high-powered mainframes may be the 
only rational option. 

But for many companies, PCs are the 
way to go. So it is worth exploring the ana¬ 
log design software readily available for 
these machines. 

Writing and solving equations 

Once a design concept has been devel¬ 
oped, all analog circuit designers develop 
and solve equations that describe the pro¬ 
posed behavior of the circuit. The many 
different math tools that allow the circuit 
designer to do this on a PC can be grouped 
into two categories, depending on how 
they manipulate equations: symbolically 
or numerically. 

Derive by Software House, Honolulu, 
Hawaii, and Chico Solver by Chico Soft¬ 
ware, Chieo, Calif., represent two ap¬ 
proaches to the problem of solving equa¬ 
tions symbolically. Derive, at US $200 a 
relatively inexpensive program for IBM- 
compatible PCs, simplifies and solves 
most kinds of equations working engineers 
encounter. But as it does not use the Lotus¬ 
like pull-down menus of a WIMP interface 
[see glossary, p. 48], casual users will have 
problems using it. Chieo Solver is a newer, 
more expensive (US $500) program for 
IBM-compatible PCs aimed more at scien¬ 
tists than engineers—it solves more kinds 
of equations than Derive. A designer ean 
add math functions to Solver, an impos¬ 
sibility with Derive. Solver has unusual 


pull-down menus so it is still a difficult 
program for occasional users. Because 
their interfaces are arcane, neither program 
would be able to eompete in the Macintosh 
market. 

For numerieally solving equations, 
MathCAD by Mathsoft Inc., Cambridge, 
Mass., and Matlab by The Math Works 
Inc., South Natick, Mass., are two tools 
available on IBM-compatible PCs, Macin¬ 
toshes, and Sun workstations. (Matlab is 
also available on Apollo workstations, the 
Convex superminicomputer, and the Cray 
supercomputer for exceptionally involved 
problems, but few users will want so much 
power. Sueh problems in any case are 
usually easier to solve with a programming 
language than with a math tool.) 

Both programs can numerically solve 
simple linear or quadratic equations, fam¬ 
ilies of linear and quadratic equations or 
matrices, and equations or groups of equa¬ 
tions with derivatives or integrals. They 
can also fit data to curves and plot two- 
or three-variable equations. Neither has a 
well-developed WIMP interfaee, even on 
the Macintosh, so they are difficult for the 
occasional user. Having sold more copies 
than all other math programs, the US $500 
MathCAD is a popular standard against 
which all other math tools can be judged. 

In its favor, MathCAD has almost 100 
built-in functions, so it can solve almost 
any problem that can be stated in a few 
sentences or a paragraph. Its built-in func- 
(Continued on p. 62) 


1. Representative schematic capture packages for anaiog design 


Package 

Company 

Year first 
available 

Price, 

US$ 

Platforms 

Library size 

SpIceNet 

Intusoft 

- 

$295 

PC, Mac 

100 

Design 

Architect 

Mentor Graphics 
Corp. 

1990 

N.A. 

HP/Apollo 

Variety of digital, analog 
libraries 

Schema III 

Omation Inc. 

1985 

$495 

PC 

7000 discrete parts; op¬ 
tional documentation 
symbol library (1000) 

OrCAD/SDT III 

OrCAD 

1990 

$495 

PC AT/ 

386, PS/2 

6200 parts 

ValidGED 

Valid Logic 

Systems 

1982 

(rev. 1990) 

$8800 

Sun 3, 4; 
DEC 2100, 
3100, 

5400 

Over 4000 components, 
including power compo¬ 
nents, transformers, and 
system-level functional 
blocks 

McCAD 

Schematics 

Vamp Inc. 

1986 

$495 

MacPIus 

N.A. 
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MATLAB" 


High-Performance 
Numeric Computation 
and Data Analysis 

M ATLAB has rapidly become an 
industry standard for engineer¬ 
ing and scientific research. Its unique 
interactive interface, algorithmic foun¬ 
dation, easy extensibility, and speed 
make MATLAB the software system of 
choice for high productivity and high 
creativity research. 

P lroblems and solutions are expressed 
just as they are written mathemat¬ 
ically — without the need for traditional 
programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program 
in Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 


can create algorithms so 
easily that it almost seems 
like cheating.” 

Personal Engineering & 
Instrumentation News 


A dd to MATLAB your choice of tools 
I. for digital signal processing, 
system identification, control system 
design, and more. MATLAB’s open- 
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 

M ATLAB is developed by The 
MathWorks, a leader in software 
for data analysis and mathematics. Our 
users—in thousands of companies and 
universities — know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 





“MATLAB is 
the undisputed 
choice for 
computation¬ 
intensive 
engineering 
work.” 

Macworld 


“MATLAB’s 
power and 
ease of use go 
a long way 
toward taking 
the drudgery 
out of 
repetitive 
analysis 
projects.” 

IEEE Spectrum 


Over 300 Built-In Functions 

• eigenvalues • 1 -D and 2-D FFTs • nonlinear optimization 

• matrix arithmetic • filtering • linear equation solving 

• matrix decompositions • curve fitting • differential equations 

• convolution • cubic splines • polynomial arithmetic 

• spectrum estimation • Bessel functions • descriptive statistics 

• complex arithmetic • elliptic functions • 2-D and 3-D graphics 

Plus Toolboxes for: 

• digital signal processing • control system design 

• parametric modelling • chemometric analysis, and more 


Computers 

supported 

PCs and ATs 
386-based PCs 
Macintosh 
Sun 
Apollo 
HP 9000/3IK) 
DPvCstation 
VAX/VMS 
VAX/Ultrix 
Stardent 
Convex 
Encore 
Alliant 
Cray 
and more 


To find out more about MATLAB, call us at (508) 653-1415. 
Or simply return the completed coupon to the address below. 


Company _ 
Department 


City, State 
Zip _ 


21 Eliot Street 
South Natick, MA 01760 


L_ 


MATH 

WORK5 Phone: (508)653-1415 

4^ Fax: (508)653-2997 
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(Continued from p. 60) 
tions include the Bessel functions and the 
erf error function, which are solutions for 
common differential equations. Math- 
CAD files are also self-documenting, so an 
engineer can keep track of solutions by 
keeping hardcopy of previous MathCAD 
files. It is reasonably easy to learn, despite 
an unusual interface that has neither pull¬ 
down menus nor a WIMP interface. An 
800 help number offers free technical 
support. 

However, solving problems with Math¬ 
CAD is not always easy. It is not fast when 
solving simple problems that can be 
described in a sentence, and it gets much 
slower when solving problems that must 



Pull-down menus, 
such as the one on 
the right of Spice- 
Net screen at left, 
make the job of 
creating and ma¬ 
nipulating an ana¬ 
log schematic eas¬ 
ier. The waveforms 
have been back- 
annotated from a 
compatible Spice 
simulator. 


2. Representative simulation packages for analog design 


Package 

Company 

Year first 

available 

Price, 

US$ 

Platforms 

Multi¬ 

level 

Internal 

mixed 

mode 

Library size 

Saber 

Analogy Inc. 

1985 

$15 000 

Sun, HP/ 
Apollo, DEC 

* 

• 

1200 analog parts, 
3000 mixed-mode 
parts 

ContecSpice 

Contec Micro- 
Electronics 
USA Inc. 


$1500- 

$9900 

PC, Sun 

* 

* 

2500 parts 

MacSpice 

Professional 

Deutsch 

Research 

1987 

$1195 

Mac II, 

SE 30 

• 

• 

2000-E parts 

mWSpice 

EEsof 

^986 

$8400- 
$15 400 

PC (DOS 
and OS/2), 
Sun, HP/ 
Apollo, DEC 



576 s-parameter de¬ 
vice data files, 93 

FET device models, 

9 BJT device models 
and more 

Precise 

Electrical 
Engineering 
Software Inc. 

1990 

$9500- 
$25 000 

Sun, HP/ 
Apollo, DEC 



1000 analog parts 

IsSpice 

Inlusott 

1988 

$386 

PC 

- 

- 

- 

AccuSim 

Mentor 

Graphics 

Corp. 

1989 

$24 900 

HPApollo 



Over 3400 analog 
component models 

HSpice 

Meta- 

Software Inc. 

1990 

$3000- 
$90 000 

PC, Sun, 
Apollo, DEC 

• 

• 

Over 800 discrete- 
device models 

PSpice 

MicroSim 

Corp. 

1984 

$950- 
$4500 
depending 
on platform 

PC DOS and 
OS/2: Mac 
II, SE; Sun 
3,4, Spare- 
station; DEC 
station 2100, 
3100, 5400; 
HP/Apollo 
and others 



3000 analog, 1200 
digital 

Schema 

Susie 

Omatlon Inc. 

1989 

$995-1- 

IBM PC/AT/ 
XT/286/ 
386/486 



Optional libraries, 
microprocessors, 
PLAs, GaAs, RAM, 
ROM, EPROM 
(20004- parts), 
CMOS/TTL 
standard—timing to 
picoseconds 

SpicePlus 

Valid Logic 
Systems 

1984 

$2000 

Sun 3, 4; 
HP/Apollo; 
DEC 2100, 
3100, 5400 



4000 components, 
including power 
devices, transformer 
cores, nonlinear 
magnetics, as well 
as system-level 
function blocks 

Classic Spice 

Vamp Inc. 

1988 

$745 

Mac II, 
SE/30 

* 

* 

- 


be expressed in paragraphs rather than sen¬ 
tences. Also, the user may find it difficult 
to implement solutions that require com¬ 
plex logic or nested loops. The PC version 
of MathCAD can import graphics from 
only a very few programs. 

At twice the price (US $1000), Matlab 
has three times as many functions as 
MathCAD, so it can solve almost any 
problem, no matter how long or compli¬ 
cated. If it cannot, a user may create and 
integrate custom C code into Matlab to ex¬ 
tend its functionality. If more memory is 
needed, versions of Matlab specific to 
machines based on 286 and 386 micropro¬ 
cessors are available that use all the mem¬ 
ory an AT-compatible or 386-based PC can 
provide. 

Matlab’s interface is much like that of 
an integrated programming environment, 
so it has less structure than MathCAD and 
takes longer to learn and use; there are 
many detailed examples in the documen¬ 
tation, though. Further, a designer can ex¬ 
tend Matlab to cover problems encoun¬ 
tered in his or her area of expertise; by 
studying Matlab’s several Matlab toolbox¬ 
es, which contain extensions that solve 
common problems, a designer can learn 
how to write tool-extending code. 

Drawing blocks and circuits 

As the designer arrives at the equations 
to implement analog functions, he or she 
can begin to segment the design into func¬ 
tional blocks. For instance, having worked 
out the appropriate Bessel functions, the 
designer can use them to implement a fil¬ 
ter function in the design. Then, the pro¬ 
cess of designing the filter with actual 
components can begin. To help in this pro¬ 
cess, the designer now has schematic cap¬ 
ture programs. 

Ideally, the schematic capture program 
meets three requirements [Tkble 1]. First, 
it documents the design by function (block 
diagrams) and by component (circuit dia¬ 
grams). Second, it provides lists of the 
components needed for the design (parts 
list), the functional interconnection of 
components (netlist), and how individual 
component pins are actually wired togeth- 
(Continued on p. 64) 
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All the features of 
HPMSIC, and more. 






YES 

IEEE-488 GPIB (HP-IB), RS-232 Instrument Control 

YES 

YES 

Integrated Environment: Mouse, Editor, Debugger, Calculator 

YES 

YES 

Supports 16 Megabytes of Memory (breaks DOS 640K barrier) 

YES 

YES 

Engineering Math: Matrix Math, Complex Numbers 

YES 

YES 

High Level Graphics: Screen, Plotter, Printer 

YES 

YES 

Structured Programming with Independent Subprograms 

YES 

YES 

Runs on Industry Standard Personal Computers 

NO* 

YES 

Industry Standard Graphic Printer Support: Epson, IBM, lasers, etc. 

NO 

YES 

Industry Standard Network Support: Novell, IBM, Microsoft, NFS, etc. 

NO 

YES 

Industry Standard IEEE-488 Support: National Instruments, lOtech, etc. 

NO 

YES 

Exchange data files with Industry Standard PC applications 

NO* 

YES 

No-charge Tblephone Technical Support 

NO 

YES 

Instant on-line HELP system 

NO 


A Costly Situation. Every engineer needs the power and features of a “Rocky Mountain" BASIC workstation, but not everyone can 
have one. They simply cost too much. Fewer workstations, less productivity The Best Way. TfansEra HTBasic software provides the 
only way for serious technical computer users to turn their PC into a workstation without having to add costly hardware. Pawerftil 
workstations for everyone means greater productivity Extraordinary Versatility. In addition, TlansEra HTBasic works with the 
Industry Standard Personal Computer hardware, software, and networks. It even allows you to easily exchange data between your 
favorite DOS programs and the files you create in the BASIC workstation environment All at a fraction of the cost of other 
solutions. 

More compatibility More versatility More possibilities. 


Tb find out more, call 1-801-224^550. Engineering Excellence for 15 Years™ 
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* Without the addition of a costly 68000 co-p 


© Copyright 1990 TVansEra Corporation. All rights reserved. BE HP BASIC, and HPIB are registered trademarks of Hewlett-Packard Co. 
































3. Representative postprocessor packages 


Package 

Company 

Year first 
available 

Price, 
US $ 

Platforms 

Features 

SpiceWindows 

Deutsch 

Research 

1987 

$995 

PC AT/286/ 
386/486, PS/2 

Runs under Windows 3.0; takes 
output from TurboSpice, PSpice, 
others; can paste into Microsoft 
Word; outputs to any printer sup¬ 
ported by Windows 

MicMask 

EEsof 

1986 

- 

PC (OS/2), Sun, 
HP/Apollo 

HPGL, Gerber, GDSII, Wild Heer- 
burg, Aristo 

IntuScope 

Intusoft 


$325 

PC, Mac 

Pull-down menus, multiple win¬ 
dows, waveform calculator, mul¬ 
tiple graph formats, digitizes 
waveforms for Spice Input 

Schema III 

Omation Inc. 

1985 

$495 

PC AT/XT/286/ 
386/486 

Netlist formats to all popular 
board layout systems; EDIF 2.0, 
ADF, DXF block output (parts 
transferred as whole, electrical 
parts—not a graphic representa¬ 
tion); TIFF, PostScript; Schema 
board layout supports CAM 
postprocessors, DXF, and others 

Statistical 

Analysis 

Valid Logic 
Systems 

1987 

$10 200 

Sun 3, 4; HP/ 
Apollo; HP; DEC 

Performs Monte Carlo analysis 
and sensitivity/worst-case anal¬ 
ysis; analysis sensitivity 


4. Representative integrated anaiog design environments 


[Year first! Price, 

Company | avaiiabie | US $ Piatforms | Tools 


Analog Artist 
Design System 

Cadence 
Design 
Systems Inc. 

1989 

$30 000 

Sun 3, 4; HP/ 
Apollo DN3)(xx, 
4m; DEC 3100, 
5xxx 

Schematic capture (parameter¬ 
ized and hierarchical), interactive 
simulation environment, Spice 
circuit simulator, graphics post¬ 
simulation analysis, waveform 
calculator; options: statistical 
optimization package, analog 
layout, analog place and route; 
physical design verification tools 

CLIO 

Electrical 
Engineering 
Software Inc. 

1990 

$18 750 
(4 seats) 

Sun, HP/Apollo 

Schematic capture, simulation 
(Precise), yield analysis, design 
centering, optimization, graph¬ 
ics postprocessor 

Academy 

EEsof 

1988 

$6000- 
$19 000 

PC (OS/2), Sun, 
HP/Apollo 

Schematic capture, simulation 
control (linear and nonlinear cir¬ 
cuit and system design), layout 
editor, integrated design 
documentation, postprocessor 

Analog Station 

Mentor 
Graphics Corp. 

1989 

$44 900 

HP/Apollo 

Schematic capture (Design Ar¬ 
chitect), simulation (Accusim), 
Monte Carlo analysis; option: 
analog library (Accuparts) 

Schema 

Designer 

Omation Inc. 

1985 

$1895 

IBM PC/XT/AT/ 
286/386/486 

Schematic capture; board layout 
with manual, autoroute, or com¬ 
bination; four-algorithm heuris¬ 
tic router; Gerber photoplot; op¬ 
tions: push-and-shove router (for 
complex boards, SMT both 
sides, multilayer), DXF, G'man 

MIcroCap III 

Spectrum 

Software 

1990 

$1500 

PC 

Symbol (shape) editor; library 
editor; parameter estimation; ac, 
dc, and transient analysis; Monte 
Carlo analysis 

Analog 
Workbench II 

Valid Logic 
Systems 

1990 

$16 000 

Sun 3, 4; HP; 
HP/Apollo; DEC 
2100, 3100, 
5400 

Schematic editor; simulator 
(Spice Plus); integrated analysis 
tools for ac, dc, and transient 
analysis 

McCAD EDS-2 

Vamp Inc. 

1988 

$1895 

Mac Plus (2M) 

- 


- = Information i 


I available. 


(Continued from p. 62) 
er (wire list). Finally, the schematic should 
provide a means of creating the input to 
an analog simulator (Spice and its deriva¬ 
tives being the most popular analog simu¬ 
lators), so that the designer can test and 
troubleshoot the design before building 
any hardware. 

There are several programs for schemat¬ 
ic capture on IBM-compatible and Macin¬ 
tosh personal computers. McCAD 
Schematics, from Vamp Inc., Los Angeles, 
is a Macintosh implementation, while 
OrCAD/SDT III, from OrCAD, Hills¬ 
boro, Ore.; Schema III from Omation 
Inc., Richardson, Texas; and SpiceNet 
from Intusoft, San Pedro, Calif., are pro¬ 
grams for IBM-compatible PCs. They are 
all roughly comparable to schematic draw¬ 
ing tools available on workstations and are 
priced in the US $400-$600 range. How¬ 
ever, not all of them are suitable for ana¬ 
log simulation use. 

The full-featured McCAD Schematics 
is part of the supplier’s integrated environ¬ 
ment for analog and digital circuit design 
and layout. The documentation that 
comes with McCAD Schematics is confus¬ 
ing and the details for most functions are 
omitted. Fortunately, the program has a 
fully implemented Macintosh interface, so 
it is easy to use. It has all the symbols need¬ 
ed to create analog circuit schematics and 
it creates partial Spice input files, too. 

OrCAD/SDT III, the third major iter¬ 
ation of OrCAD’s schematic capture pro¬ 
gram for IBM-compatible PCs, is a full- 
featured package. It uses a Lotus-like left- 
to-right pull-down menu interface and has 
power keys to complement the menus. On 
an 8-megahertz XT, OrCAD’s pan, zoom, 
and redraw functions work about as fast 
as those of SpiceNet or Schema on a 6- 
MHz AT. Packed with utility programs, it 
is the drawing program of choice for digi¬ 
tal circuit designers. 

Unfortunately, if the schematic includes 
subcircuits, SDT III cannot be used to cre¬ 
ate even partial Spice input files: its Spice 
netlists cannot include components begin¬ 
ning with the letter X (which designates a 
subcircuit). In addition, SDT III does not 
always supply schematic drawing tools in 
a format usable for analog circuit design¬ 
ers: it took OrCAD a year to rotate the pnp 
transistor symbol so the emitter pointed up 
instead of down, and the library for PSpice 
(the most widely used analog simulator, 
from MicroSim Corp., Irvine, Calif.) still 
has minor bugs. A designer with some ex¬ 
perience at software hacking can tinker 
with it and make it usable for analog cir¬ 
cuit schematics, but it is not a turnkey so¬ 
lution. 

Schema III is the fourth major revision 
of Omation’s full-featured schematic cap¬ 
ture program for IBM-compatible PCs. 
This revision added automatic component 
rotation (a feature SpiceNet and OrCAD/ 
(Continued on p. 66) 
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In an integrated 
analog design en¬ 
vironment, engi¬ 
neers can get an 
overall view of a cir¬ 
cuit’s performance 
quickly and try out 
changes more eas¬ 
ily. In the Academy 
display at left, re¬ 
simulation updates 
spectra and Smith 
charts. 

(Continued from p. 64) 

SDT have had for several years), on-line 
help, pop-up menus, and a powerful file 
manager. Its graphical performance is 
roughly comparable to SpiceNet’s, a little 
slower than OrCAD’s. It has a pull-over 
menu interface and power keys. Designers 
used to Lotus or other programs with pull¬ 
down menus will find the pull-over menus 
inconvenient. Also, complete Spice input 
files cannot be created from Schema. 

All the components in Schema are cor¬ 
rectly configured for creating analog 
schematic drawings. It is a usable schemat¬ 


ic capture program for both analog and 
digital simulation programs, particularly 
for designers who need to create large, 
complicated circuits. The tech support 
people at Schema understand analog 
circuits. 

SpiceNet is actually a front-end pro¬ 
gram for Spice and is part of Intusoft’s in¬ 
tegrated-circuit design environment. Like 
Schema, it has a Lotus-like pull-down 
menu interface and power keys. For a 
single-page schematic, the jobs of compo¬ 
nent placement, redraw, zoom, and pan 
take less than a second on an AT- 


compatible PC. Its library contains several 
hundred components, including unusual 
ones like discrete power devices, vacuum 
tubes, and multiple-winding transformers. 
Moreover, when existing components are 
inadequate, it takes only a few minutes to 
create a new component. Complete Spice 
input files may be created and edited with¬ 
in SpiceNet, too. 

This program is not a full-blown 
schematic capture program, however: it 
cannot create a parts list, wire list, or bill 
of materials, and its library does not sup¬ 
port PSpice’s enhanced component 
models. While it does handle the small, 
relatively simple circuits typically created 
by analog circuit designers without prob¬ 
lems, it is sometimes less graceful at han¬ 
dling multiple-page drawings or large, 
complicated circuits. 

SpiceNet works better, however, when 
used with PreSpice, Intusoft’s Spice 
preprocessor. PreSpice contains a text edi¬ 
tor for modifying Spice input files as well 
as code that converts functional blocks 
into subcircuits, passes parameters into 
subcircuits, and creates multiple input files 
for Monte Carlo analysis with Berkeley 
Spice. SpiceNet and PreSpice are compat¬ 
ible with PSpice and almost all implemen¬ 
tations of Berkeley Spice. 

The most important advantage that 
computer-aided analog design can offer 
engineers is the ability to check out circuit 
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performance before making any hardware 
commitments. Analog simulators [Table 2] 
make it easy for the designer to try several 
alternatives and correct design oversights 
or flaws without major expense. 

Simulation surveyed 

The grandparent of most simulators on 
the market today is the Simulation Pro¬ 
gram with Integrated Circuit Emphasis, or 
Spice, developed at the University of 
California-Berkeley, in the early 1970s. 
Non-Spice based simulators—most nota¬ 
bly Saber from Analogy Inc., Beaverton, 
Ore.—have also gained acceptance for 
high-level functional simulation; Saber can 
be found in most workstation environ¬ 
ments, but its memory requirements have 
kept it out of the PC and Macintosh world. 
On the other hand, many versions of Spice 
are available for personal computers. 
These programs fall into two categories: 
proprietary versions derived from Berkeley 
Spice source code, like PSpice from Micro- 
Sim Corp., Irvine, Calif., and direct trans¬ 
lations of Spice, like Classic Spice from 
Vamp and IsSpice from Intusoft. 

PSpice began to diverge from the Berke¬ 
ley Spice Fortran source code soon after 
the first version for IBM-compatible PCs 
was available. First, minor changes were 
made to the code so that it could be parti¬ 
tioned into two segments that were small 
enough to run comfortably on an IBM- 


compatible computer. Then, changes were 
made to the source code to improve con¬ 
vergence, to allow changes to the source 
code so users could modify the characteris¬ 
tics of Spice circuit elements or even cre¬ 
ate new elements, and to add a new Spice 
command that created an output file read¬ 
able by a graphics postprocessor. 

Making these changes was so difficult 
that MicroSim decided to convert its For¬ 
tran source code into C source code, which 
is more easily maintained, modified, and 
transported to other platforms. Easy 
modifiability has given MicroSim a big 
edge in the PC marketplace: only PSpice 
allows mixed analog and digital simula¬ 
tion, Monte Carlo analysis, and behavioral 
models. 

MicroSim offers three versions of 
PSpice for IBM-compatible computers: 
8088 real mode (or DOS), 286-protected 
mode, and OS/2. The DOS version, slight¬ 
ly faster than either the 286-protected- 
mode or the OS/2 version of Spice, is limit¬ 
ed to simulating circuits with fewer than 
200 transistors. The 286-protected-mode 
program and the OS/2 version of the pro¬ 
gram can simulate larger circuits. The 
maximum circuit size for these versions 
can be estimated by the rule of thumb “250 
transistors per megabyte of RAM,” first 
proposed by Wolfram Blume of MicroSim. 
This results in a maximum of 4000 tran¬ 
sistors for the 286-protected-mode version 


of PSpice, which does not allow multitask¬ 
ing, and for the OS/2 version, which does. 

An experienced PSpice user may have 
mixed feelings about recommending 
MicroSim software to new users. Micro¬ 
Sim software typically costs two to three 
times more than equivalent products from 
other vendors. MicroSim software for per¬ 
sonal computers still requires a copy¬ 
protection dongle and, if the dongle 
doesn’t work, MicroSim does not have a 
fix. It now takes a long time for MicroSim 
to eliminate bugs: four years ago, a bug fix 
took one month; today, it takes a year to 
get the fix. Yet there’s no getting around 
the fact that PSpice is a de facto standard. 

Classic Spice, a very Mac-like imple¬ 
mentation of Berkeley Spice 2G6 for the 
Macintosh, is part of Vamp’s package of 
IC design tools for that PC. Its documen¬ 
tation is not detailed, but its fully im¬ 
plemented Macintosh interface makes it 
very usable. It also takes advantage of the 
Mac’s multitasking operating system to 
open windows to schematics created by 
McCAD Schematics. However, most cir¬ 
cuit designers will purchase a graphics 
postprocessor to complement it. 

IsSpice is a full implementation of 2G6 
Spice for the PC and Macintosh. Only 
minor changes were in the Berkeley source 
code for the PC version. The standard PC 
version of IsSpice will simulate circuits 
(Continued on p. 93) 
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FOCUS REPORT: ENGINEERING SOFTWARE 


EDIF grows up 

It is now in its second full revision—a mature Electronic Design Interchange Format 
(EDIF) that is paving the way for universal data exchange among CAE tools 


Computer-aided design 
uses a variety of tools 
that cannot communi¬ 
cate with each other 
directly. For example, a 
software package that 
designs a circuit sche¬ 
matic can seldom “talk” 
to the simulator package 
that checks the circuit’s operation, which 
in turn cannot talk to the package that de¬ 
signs a printed-circuit board to embody the 
schematic, which cannot talk to the fac¬ 
tory software packages that create art¬ 
work, drilling information, machine- 
insertion data, and test data for the circuit 
board. 

This lack of communication is due to 
language barriers: tools come from a va¬ 
riety of vendors, who naturally developed 
their tools around their own data formats 
and structures. The tools work well by 
themselves, but not together; in moving 
from one step in the design process to the 
next, engineers usually find that the out¬ 
put of a tool is incompatible with the input 
of the tool for the next step. 

To solve the problem, a consortium of 
electronic design automation (EDA) ven¬ 
dors and semiconductor vendors pooled 
their resources to develop a standard data 
format that would make it easy to ex¬ 
change design information. The result is 
the Electronic Design Interchange Format 
(EDIF). 

EDIF is essentially a lingua franca for 
translators. Translators can convert data 
files from a given design tool into EDIF 
as a standard format, and from EDIF into 
the form needed by another design tool. 

EDIF has been welcomed wholeheart¬ 
edly by many electronics companies. Be¬ 
fore EDIF, they had to improvise their own 
translations between tools. And if they 
should change vendors, they had to change 
tool-interface translations as well. For ex¬ 
ample, if they chose a new manufacturer 
of application-specific integrated circuits 
(ASICs), they had to install an entirely new 
translation program so they could present 
ASIC design data to the new manufacturer 
in the requisite form. 

EDIF should not be confused with other 
efforts at standardization such as VHDL 


John P. Eurich and Gene Roth 
Engineering DataXpress Inc. 


(VHSIC High-level Description Lan¬ 
guage); EDIF’s goals and scope are quite 
different. VHDL describes a design at a 
very high level, in functional terms, while 
EDIF is more detail oriented. The two ef¬ 
forts are complementary. 

EDIF has achieved some major 
successes—but there are still problems to 
be resolved and more development to be 
done to make it more versatile and power¬ 
ful. The consortium of developers released 
the first version of EDIF in May 1984. 
Since then, EDIF has gone through a se¬ 
ries of revisions, and in 1988, the Ameri¬ 
can National Standards Institute accept¬ 
ed EDIF as an industry standard. Before 
then, the EDIF effort had been absorbed 
by the Electronic Industries Association 
(EIA). In its current form — version 
2.0.0, published by the EIA in May 
1987—it is commonly used for interchang¬ 
ing netlists, schematic drawings, and 
schematic symbols between tools. It ean 
also represent Information on mask lay¬ 
outs, symbolic layouts, and logic models, 
although it is called on for these functions 
less frequently. 

Under the EIA aegis, subcommittees are 
focusing on improving EDIF’s abilities to 



Electronic Design Interchange Format 
(EDIF) tools are now available for most 
stages of a design effort. 


represent schematic symbols and drawings. 
Even though EDIF 2.0.0 has become the 
standard mechanism for translating 
schematics, it still has a few deficiencies. 
Other subcommittees are improving 
EDIF’s higher levels of representation. 
EDIF level 0 is the lowest level—level 1 
adds formats for representing functions, 
constants, and parameters, and level 2 adds 
formats for variables and “flow-of- 
control” statements such as if, then, 
ELSE, FOR, and while. Still other sub¬ 
committees are breaking new ground by 
readying EDIF for representing printed- 
circuit board layout, as well as device 
modeling, verification, and testing. Many 
of these improvements will be included in 
the next version, EDIF 2.1.0, to be availa¬ 
ble sometime in the first half of 1991, or 
subsequent versions, to be available shortly 
thereafter. 

EDIF, it must be said at the outset, does 
require substantial storage capacity. But 
viewed in the context of the great quanti¬ 
ty of information that EDIF can convey, 
the format is highly efficient. Compared 
to a simple netlist, an EDIF file for the 
same circuit may be two, three, or even 10 
times larger—but it carries added informa¬ 
tion such as properties and attributes. And 
the larger the netlist, the more efficient 
EDIF becomes in relation to it. 

For a “simple” IC design of 10 000 
gates, the EDIF file would be about 2 or 
3 megabytes. For a more typical design, the 
file would be 10-15 Mbytes. For a complete 
schematic of a complex IC, an EDIF file 
might be greater than 100 Mbytes. But 
here, EDIF’s efficiency comes into play; 
with a place for everything and everything 
in its place, the EDIF file may actually be 
smaller than the original database for the 
schematic. 

Moreover, there are ways of compress¬ 
ing the EDIF file. Eliminating carriage 
returns and white space reduces the file size 
by up to 50 percent. Coding EDIF key¬ 
words can reduce them from as many as 
20 characters to as few as 1 or 2, for an¬ 
other 60 percent reduction in file size. Fi¬ 
nally, there is binary compression, which 
can reduce the file by another 80 
percent—but it, of course, can be used on 
the schematic database as well. EDIF files 
will never be as small as those in a special- 
purpose format, but EDIF is meant to be 
general purpose. 
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Most ASIC vendors are just now start¬ 
ing to offer their customers EDIF-based 
translators. EDIF helps ASIC vendors 
broaden their customer base and, by the 
same token, gives customers a far wider 
choice of vendors. Already, almost all 
EDA vendors provide at least some EDIF 
capability. [See the accompanying list.] 

Why vendors like EDIF 

Vendors of design capture tools (those 
that interactively create schematics from 
the functional design), for example, pro¬ 
vide in their products EDIF translators for 
schematic drawings and symbols. Vendors 
of design analysis tools, such as simula¬ 
tors, hardware modelers, and timing 
analyzers, offer EDIF netlist translators— 
EDIF can handle both “flat” netlists and 
“hierarchical” ones. (Flat netlists represent 
connectivity among primitive compo¬ 
nents, the smallest building blocks in a 
design—a NAND gate in a logical netlist, 
for example; hierarchical netlists represent 
connectivity among primitive and non¬ 
primitive components of varied com¬ 
plexity.) 

Vendors of logic synthesizers find EDIF 
translators for schematics and netlists an 
efficient means of getting design informa¬ 
tion into their systems. They find that 
EDIF works well for postsynthesis activi¬ 
ties, for example, for returning a newly 
synthesized design to the original design- 
capture system for further work, and for 
passing the synthesized design on to tools 
for design analysis and implementation. 
And vendors of design implementation 
tools—such as those for laying out gate ar¬ 


rays, standard cells, very large-scale ICs, 
field-programmable gate arrays, and 
printed-circuit boards—are using EDIF to 
accept netlist and schematic files more and 
more. 

With EDIF, customers can choose their 
design tools with complete freedom, to suit 
their particular design methods and 
products. They do not have to choose tools 
simply because they work well together, 
and they do not have to worry about ar¬ 
ranging for data transfer between tools. 
EDIF takes care of it all. 

A key benefit is that EDIF adapts read¬ 
ily to almost any design environment. For 
example, many electronics companies have 
their engineers develop designs on low- 
cost, PC-based schematic-entry tools. 
They find this a cost-effective way for 
many engineers to do design work in¬ 
dependently on the same project. Once 
this initial work is done, the designs are 
carried, or “ported,” via an EDIF link to 
a larger workstation-based system, where 
the design process is completed. 

Some electronics companies have their 
engineers first prototype designs on field- 
programmable gate arrays to make sure 
they work before the final ASIC is 
designed for production. But most tools 
for those gate arrays are personal- 
computer-based, while those for ASIC de¬ 
sign are workstation-based. Before EDIF, 
there was no easy way to port the design 
from the FPGA tool to the ASIC tool. 
Now, EDIF serves as the bridge between 
PC and workstation. 

EDIF also makes it easy to move designs 
from one EDA vendor’s workstation tool 


to another’s. A user can mix and match 
workstations at will. He or she may also 
replace one vendor’s workstation with 
another’s and still recover the designs 
created on the original system. Before 
EDIF, users were reluctant to change ven¬ 
dors, despite the lure of greater efficiency 
and productivity, if it meant losing their 
substantial investment in designs. 

Getting involved 

Companies considering EDIF for their 
design systems should order the many 
manuals available from the EIA. 

Companies that want to participate in 
developing EDIF should contact the EIA 
and ask about EDIF subcommittees. 
Many subcommittees are working busily 
on areas that will become part of EDIF in 
the future. 

Commercial software that supports de¬ 
velopment of EDIF translators is available 
from several vendors [see table]. Some 
public-domain development software is 
available from the University of Califor¬ 
nia at Berkeley and the University of Man¬ 
chester in England. 

Success stories 

Sun Microsystems Inc., Mountain View, 
Calif., has used EDIF as a central deposi¬ 
tory format for well over a year. Sun uses 
EDIF translators to connect an assortment 
of design tools at the netlist level—tools 
from such EDA vendors as Gateway/Ca¬ 
dence, LSI Logic, Synopsis, Quad Design 
Technology, and Valid Logic. 

To integrate its tools, Sun used the EDIF 
translators supplied by the vendors, but 


Representative software packages with Electronic Design 

Interchange Format (EDIF) translators and other tools 


Product 

Company 

Year first 
available 

Price, 

US $ 

Platform 

Operating 

system 

Translator 

function/ 

type 

Source, target 

Comments 

Schematic 

Accel Technologies 

1989 

$495 

IBM PC/XT/ 
AT, PS/2 

DOS 


Sedco component 
libraries 

Supports hierarchical or flat 
designs and user-definable 
attributes; uses third-party 
libraries of 10 500-r parts 
developed by Sedco (Scotts 
Valley, Calif.) 

Saber, Saber/ 
Cadat, Saber/ 
Verilog 

Analogy Inc. 

1987 

$15 000 

Sun, HP/ 
Apollo, DEC, 
Aliiant 

Unix, 

Aegis, 

VMS 

R/N 

Saber, Saber/ Cadat, 
Saber/Verilog (targets) 

Translates EDIF into two 
netlists for concurrent ana¬ 
log and digital simulation 

EDIFIN 

EDIFOUT 

Cadence Design Sys- 

1990 

$5000 

DEC HP/Apol¬ 
lo, Intergraph, 
NEC, Sony, 
Sun 

Unix 

RW/N, 

SD, mask 
layout 


Supports hierarchical and 
flat designs 

Pathfinder-TA 

Computer Timing 
Products Inc. 

1990 

$5 000 

PC, Mac 

DOS, Mac 

RW/N 

To be determined 

Netlisting is hierarchical 

EDIF 2.0.0 
Interface 

Computervision 

1989 

$10 000 

CADDStation 
(Sun 3 and 4, 
Sparcstation) 

Sun 0S3.3, 
Sun 0S4,0 

RW/N 

Both 


EDIF Netlist 

Data I/O Corp. 

1989 

$995: 

$295 

IBM PC, Sun 

3 and Sparc- 

DOS, Unix 

W/N 

Future Net-5 Schemat¬ 
ic Designer 

Produces drawing cross- 
reference and error-report 
files for debugging 

EDI Translator 
Development 
Environment 

Engineering Data- 

1987 

$10 OOOf 

Apollo 68K 
and DN 

10000; Sun 

3 and 4; 
VAX/VMS, 
VAX/Ultrix, 
IBM, Mac 

Domain 

OS, Sun 

OS, VMS 
Ultrix, 

DOS. Mac 

OS 

RW/N, 

SD, SY 

Any database or format 

Is a complete EDIF transla¬ 
tor development environ- 
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Representative software packages with Electronic Design Interchange Format (EDIF) translators and other tools (continued) 


Product 

Company 

Year first 
available 

Price, 

US $ 

Platform 

Operating 

system 

Translator 

function/ 

type 

Source, target 

Comments 

RUN Electronic 
Design System 

formula GmbH 

1989 

$1750 

Apple Macin¬ 
tosh (all 
models) 

Mac OS, 

A/UX 

(Apple 

Unix) 

W/N 

Source: RUN Electron¬ 
ic Design System inter¬ 
nal database 

Target: EDIF 2.0.0 

First integrated CAE- 
System on the Apple Macin¬ 
tosh; supports hierarchical 
and flat designs 

System HILO 

Logic Simula¬ 
tion Toolkit 

GenRad Inc, 

1988 

$6600- 
$13 200 

Most 32-bit 
Unix or VMS 

VMS 

R/N 

System HILO EDIF in¬ 
terface to GHOL models 


Edif2lkos Net- 

IKOS Systems Inc. 

1990 

$5000 

Sun 3 and 4; 
Apollo 

Sun OS 

4.x, SR 

10.1 

R/N 

Source: any system 
that outputs EDIF 2.0 
schematic or Netllst 
Target: IKOS 800/1900/ 
2800/2900 simulation 
system 

Supports hierarchical intor- 
mation 

EDIF Netllst 
Reader 200 

Intergraph Corp. 

1990 

$6000 

Intergraph 

RISC Unix 
workstations 

Clipper 

(CLIX 

5.3,1) 

R/N 

Source: any system 
that produces EDIF 
2.0,0 schematic or net- 
list file 

Target: any system that 
reads EDIF 2.0.0 sche¬ 
matic or netllst file 

Supports hierarchical and 
flat designs 

ISS ID Design 
Toolbox 

Integrated Silicon 
Systems Inc, 

1989 


DEC HP/ 

Apollo, Sony, 
Sun, PC 
386/486 

Unix, DOS 

RW/N 

Source: system pro¬ 
ducing EDIF 2,0,0 
schematic or netllst file 
Target: ISS IC Design 
Toolbox 

Supports hierarchical 
designs 

Logic/iC 

Universal Net- 
list Postpro- 

ISDATA Inc. 

1990 

$396 

(PC); 

$792 

(workst.) 

DEC VAX, 

HP, HP/Apol¬ 
lo, PC, Sun 

3 and 4 

VMS,Ultrix, 

HPVX, 

Aegis, 

DOS, Sun 

OS 3 and 4 

W/ N, SD, 
SY 

Source: LOG/iC Gates 
logic synthesis for gate 
array Implementation 


EDIF Schemat¬ 
ic Views 

Knights Technology 

1989 


Sun 3 and 4 

Sun OS 

3,5, Sun 

OS 4.x 

R/ N, SD, 
SY 



CUPL (Univer¬ 
sal Compiler 
for Program¬ 
mable Logic) 

Logical Devices Inc. 

1990 

$2295 

Sun, HP/ 
Apollo, DEC 

DOS, 

Unix, 

VMS 

CUPL: 

W/N, SD 
(for PLD 
design) 

Source: EDIF 2.0.0 

Target: PLD design 

OnCUPL (another product) 
is the EDIF Netllst Transla¬ 
tor that interfaces Sche¬ 
matic drawings to CUPL 

EDIF Interface 

Mentor Graphics 

1990 


Apollo 

(Sun 

1991) 

Unix 

RW/N, SD 

Mentor Graphics de¬ 
sign database format 

Hierarchical; controlled 
transfer of properties 

Schema III 

Omation Inc. 

1985 

$495 

IBM PC/XT/ 

AT/286/386/ 
486 

DOS 2,0-1- 

W/N 

Schema PLD design/ 
selection; workstation 
and third-party soft¬ 
ware supporting EDIF 

Schematics constructed 
with Schema lor II are fully 
compatible with Schema III 

OrCAD/VST 

OrCAD LP 

1990 

$995 

IBM PC/XT/ 
AT/386 

DOS 2.0-1- 

R/N, SY 

Source: OrCAD/SDT 
(another product) 

Can handle 32 other netllst 
formats 

CF3000M 

Phase Three Logic Inc. 

1990 

$15 000 

PC and Sun 

DOS, Unix 

RW/N, SD, 

SY 

Translates Information 
through EDIF 200 to 
Mentor, Valid, Ca¬ 
dence, and other popu¬ 
lar workstations 

Schematic and translator 
package Is also available for 
other popular workstations 
such as Valid and Cadence, 
and is known as CF3000T 

PDM 

Plessey Semiconductor 

1990 

$15 000 

PCs, work¬ 
stations 

DOS 3.3, 
Unix 

RW/N, SD, 
SY 

Source: workst. or PC 
Target: ViewLoglc/SII- 
var Lisco Systems 

Accommodates hierarchical 
design; timing information 

EDIF 200 In¬ 
terface 

Prime Computer Inc. 

1989 

$10 000 

Sparcstation; 

CADDStation 

Sun OS 

3.3, OS 

4.0 

RW/N, SD, 
SY 

Both 


RPM Emulation 
System 

Quickturn Systems Inc, 

1989 


Sun 3 and 4, 
Sparcstation 

Unix 

R/N 

Source: Netllst from 
CAE Systems; output of 
reader Is an internal 
database format 

Claimed as the only repro¬ 
grammable emulator sup¬ 
porting EDIF 

EDIF I/O Net- 

Racal-Redac Inc. 

1990 


HP/Apollo 
3***/4*** 
series. Sun 

3 series 

Unix Sys¬ 
tem V 

RW/N 

Visula Database 

Supports hierarchical or flat 
designs 

X-SIm System 
Simulation En¬ 
vironment 

Silicon Automation 
Systems Inc. 

1990 

$20 000 

HP/Apollo, 

Sun, IBM, 

RISC 6000 

Aegis, 

Unix, AIX 

R/N 


X-Sim is a 1076 VHDL en¬ 
vironment with Turbo Soft¬ 
ware Accelerator 

SL-Design 

Silvar-Lisco 

1990 

$25 000 

DEC, HP/ 
Apollo, Sun, 
Solbourne 

VMS 4.7, 
VMS 5.2, 

SR 9,7, 

SR 10.2, 

Sun OS 3 
and 4 

RW/N, SD, 
SY 

SL-DesIgn database to 
EDIFv.2.0.0 

Has on-line editing and net- 
list extraction; features mul¬ 
tiple Icon-driven windows 
with cross-window editing 
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Representative software packages with Eiectronic Design Interchange Format (EDIF) transiators and other toois (continued) 



Key: LW=wrltef; R=reader; N=Netlist; SD=schematic drawing; SY=symbolic layout; T=test vectors 


found it necessary to augment them with 
its own translators. Sun engineers, with the 
help of Engineering DataXpress’s transla¬ 
tor developer, wrote and tested the neces¬ 
sary extra software for each tool in two to 
six weeks. If they had started from scratch, 
without EDIF or a commercial translator 
developer, it would have taken them about 
six months per tool. 

Unisys in San Diego, Calif., is another 
company that has put a successful EDIF 
system into service. In July 1988, Unisys 
decided to use EDIF as the standard meth¬ 
od of interchange for schematics and net- 
lists throughout the company. Like Sun 
Microsystems, Unisys had to develop many 
translators itself and employed a commer¬ 
cial translator development tool to speed 
the process and make it easier. 

Besides moving netlist and schematic in¬ 
formation around with EDIF, Unisys uses 
the format to back-annotate its IC designs; 
that is, after Unisys engineers obtain tim¬ 
ing information on a chip design by simu¬ 
lation, they send it to the Unisys chip 
designers, who can transform the design 
as necessary on the basis of the more ac¬ 
curate timing information. The back- 
annotation process can be iterated with in¬ 
creasingly accurate timing information. 

Motorola Semiconductor, Phoenix, 
Ariz., has been involved with EDIF from 
its inception, and like many other compa¬ 
nies has made a commitment to move de¬ 


sign information in the form of netlists, 
schematic drawings, and symbols. Moto¬ 
rola’s ASIC group has developed most of 
its tools expressly to support EDIF. Inter¬ 
nal engineering groups are using EDIF to 
interface with many of the ASIC group’s 
tools and to tools from outside vendors. 
Engineering is also moving to what its 
members call “second generation” design 
and verification tools, for which they in¬ 
sist that vendors provide bidirectional in¬ 
terfaces. 

Fundamental differences 

On the other side of the coin, more than 
a few companies have run into sticky 
problems—most of them not with the 
EDIF specification itself but with the great 
and fundamental differences between 
most tools. These differences must be con¬ 
fronted and solved when the translation 
process is first set up, or else design infor¬ 
mation will be lost in transfer. 

A prime example is transferring 
schematic information because schemat¬ 
ic conventions vary widely among tools. 
For example, the rules used to determine 
what constitutes a connection can be quite 
different. One tool may consider a cormec- 
tion established only when the end of a line 
coincides with the “hot spot” (tip) of a 
component symbol pin. Another tool may 
consider a connection made if any part of 
the line coincides with the hot spot. 


Another problem is buses. The way 
buses are represented graphically and con¬ 
nected to each other differs greatly from 
tool to tool. To resolve the differences, an 
EDIF translator must be able to modify 
graphics during translation. Some tools 
cannot even represent buses; transferring 
EDIF 2.0.0 bus information to such tools 
is difficult, if not impossible. 

In some respects, EDIF 2.0.0 is incom¬ 
plete. It cannot represent certain objects 
or concepts used in the design capture tool. 
An example is the For Frames concept of 
Mentor Graphics Corp., Beaverton, Ore., 
which is an efficient way of handling high¬ 
ly repetitive circuit elements such as those 
in shift registers and memories. For Frames 
uses a system of labels to do to all elements 
what it does to just one. EDIF is not yet 
powerful enough to capture all the infor¬ 
mation used in that tool. The For Frames 
problem, however, is being addressed and 
will be solved in the next release of EDIF. 

Netlist translation with EDIF, in com¬ 
parison with schematic translation, is eas¬ 
ier. One reason is that the EDA industry 
shares a fairly uniform concept on connec¬ 
tivity, and, of course, netlists are based on 
connectivity. Where there are differences, 
resolving them is not difficult, since graph¬ 
ics is not involved. 

Yet another knotty problem is timing in¬ 
formation such as pin-to-pin delays and 
rise and fall times. Timing information is 
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OPTICAL 

RAY 

TRACERS 

for IBM PC. XT, AT, 
Sc PS 12 computers 


BEAM TWO $89 

• for students & educators 

• traces coaxial systems 

• lenses, mirrors, irises 

• exact 3-D monochromatic trace 

• 2-D on-screen layouts 

• diagnostic ray plots 

• least squares optimizer 

• Monte Carlo ray generator 

BEAM THREE $289 

• for advanced applications 

• BEAM TWO functions, plus: 

• 3-D optics placement 

• tilts and decenters 

• cylinders and torics 

• polynomial surfaces 

• 3-D layout views 

• glass tables 

BEAM FOUR $889 

• for professional applications 

• BEAM THREE functions, plus 

• full CAD support: DXE HPG, PCX, 
and PS files 

• twelve graphics drivers 
•PSELSF,and MTF 

• wavefront display too 

• powerful scrolling editor 

EVERY PACKAGE INCLUDES 
8087 & NON8087 VERSIONS, 
MANUAL, AND SAMPLE FILES 

WRITE, PHONE, OR FAX US 
FOR FURTHER INFORMATION 



STELLAR SOFTWARE 

RO. BOX 10183 
BERKELEY, CA 94709 
PHONE (415) 845-8405 
FAX (415) 845-2139 
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difficult to translate not only because 
different tools represent the information 
differently, but also because EDIF 
represents it in a more complex way than 
most translator-software writers would like 
to deal with. But the EDIF’s creators were 
forced into this complexity because they 
wanted a format that would be compre¬ 
hensive enough to handle almost any tim¬ 
ing situation. 

What’s in a name? 

Another problem that translator de¬ 
velopers sometimes encounter because of 
EDIF’s comprehensiveness is naming “ob¬ 
jects” they use to specify a design, for ex¬ 
ample, nets, pins, and components. EDIF 
can easily capture the name of any object 
that uses ASCII characters; it places no 
restrictions on the length of a name or the 
characters in it. Most EDA systems, on the 
other hand, do have such restrictions; they 
may allow a name to be only eight charac¬ 
ters long, for instance, or they may insist 
that the characters be alphanumeric only 
or that the second character not be an un¬ 
derscore. The developers of an EDIF-based 
translation system must take these idiosyn¬ 
crasies of tools into account. 

Translator developers must also handle 
symbol mapping on their own. For exam¬ 
ple, an initial design may be specified in 
a schematic capture tool by placement and 
interconnections of generic logic symbols. 
When this design description is moved to 
a physical design system such as a printed- 
circuit board layout system, it is up to the 
EDIF translator developers to make sure 
that they provide a mapping library so that 
the system can relate the physical compo¬ 
nents in the board layout to the primitive 
logic elements in the schematic. 

A receiving tool will not “understand” 
a schematic drawing transferred to it un¬ 
less the schematic symbol library on which 
the drawing is based is transferred, too. 
Symbols representing the same circuit ele¬ 
ment are usually quite different in differ¬ 
ent schematic-capture tools. If the EDA in¬ 
dustry could standardize on a common 
symbol library, this transfer problem 
would be eliminated, but so far EDIF com¬ 
mittees consider symbol standardization 
beyond their charter. 

Finally, many of the problems that users 
have encountered with implementing an 
EDIF-based system are simply the result 
of poorly or incorrectly written EDIF 
translators. Unquestionably, EDIF is a 
complex and difficult format for the nov¬ 
ice user. Often, translator developers will 
introduce their own—mistaken—inter¬ 
pretations into their translators and end up 
with translations that no tool can under¬ 
stand or that turn good EDIF code bad. 

Developers sometimes create incorrect 
EDIF syntax by such errors as: 

• Making up their own keywords instead 
of using those in EDIF’s repertory. Key¬ 
words are special words, always preceded I 


by a left parenthesis, whose meaning and 
use are rigorously specified by EDIF. One 
such keyword is “(typing form,” which 
specifies the type of value a property, pa¬ 
rameter, constant, or variable may have— 
whether, for example, the value may be 
boolean, integer, string, or point. Anoth¬ 
er keyword is “Coined,” which is used to 
specify connectivity. 

• Inserting properties where they are not 
allowed. Properties are name-value pairs 
(for example, “rise time 5 ns”) that are 
made up just to hold information. They 
may be placed only in certain parts of the 
format, clearly specified by EDIF. 

• Not specifying the “(typing form,” such 
as “integer,” within a property or param¬ 
eter definition. 

• Some translators are written so that they 
create schematics with empty “(joined” 
constructs within nets and thus do not ex¬ 
plicitly specify connectivity. 

• Other translators refer to cells in a logic 
file without providing the library that de¬ 
fines the interfaces to the cells. Still other 
translators are not written completely 
enough to handle graphic symbols or 
buses. 

To users of these translators, it appears 
that EDIF does not work. In reality, it is 
the translators that do not work. 

EDIF works 

Prospective EDIF users should not get 
the impression that the file-interchange 
format is extremely difficult to place in ser¬ 
vice. Enough correctly written EDIF 2.0.0 
translators are in use today to demonstrate 
that the format is viable for transferring 
schematics and netlists and that the 
benefits are well worth the effort. 

Without EDIF to help transfer informa¬ 
tion from one tool to another, the task 
would be an order of magnitude more dif¬ 
ficult. With EDIF, programmers have a 
common format in which to communicate. 
Integrating data transfer around EDIF 
costs far less than developing special tool- 
to-tool translators. EDIF has only a few 
problems, none insurmountable. And it 
can grow and adapt indefinitely. 
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FOCUS REPORT: ENGINEERING SOFTWARE 


EM simulators = CAE tools 

Vastly refined algorithms for finite-element analysis are putting electromagnetic (EM) 
simulators into the hands of any engineer who can afford a personal computer 



Electromagnetic field 
simulation, long a spec¬ 
ialized backwater niche, 
is now entering the 
mainstream of com¬ 
puter-aided engineering 
(CAE). Made accessible 
by dramatic advances in 
algorithms and in the 
PCs and workstations that run them, this 
technology gives electrical engineers new 
insights into old problems—improving 
their visualization and manipulation of the 
electric and magnetic fields that underlie 
all electrical products. The high reliabili¬ 
ty and accuracy of field simulation today 
also can be used to decrease manufactur¬ 
ing costs. 

Field simulation allows an engineer to 
analyze the electromagnetic behavior of a 
device without building a physical proto¬ 
type and taking measurements. Until fairly 
recently, performing such a simulation re¬ 
quired access to a mainframe computer, a 
specialized knowledge of finite-element 
analysis (or some other technique), the pa¬ 
tience to create the geometry and the cor¬ 
responding finite-element mesh using a 
tedious non-graphical interface, and the 
ability to “see” electromagnetic fields in 
page after page of raw numbers. 

Today, with CAE tools such as those list¬ 
ed in the table below, field simulation can 
be performed on workstations and, in sim¬ 
ple cases, on PCs and Macintoshes. The 
tedious tasks of entering data and inter¬ 
preting results have been transformed into 
pictorial form by exploiting the computer 
graphics interface. Using this interface, the 
engineer simply draws a geometric model, 
specifies the material properties of objects, 
and identifies sources of electromagnetic 
fields. The simulator then computes the 
fields that exist throughout the structure, 
and allows the solution to be both quan¬ 
titatively manipulated and displayed on 


Prototypes on the screen 

The challenge today is to make engineers 
aware of what field simulation technolo¬ 
gy can do for them. Traditional designs are 
formulated as one-dimensional circuits 
and lumped-parameter models—in terms 


Zoltan J Cendes 
Carnegie Mellon University 


of voltages, currents, capacitances, induc¬ 
tances, and so on. Electromagnetic fields, 
though, are not one-dimensional, but exist 
throughout a structure; so the precise elec¬ 
tromagnetic behavior of a device can be 
predicted only when field effects are taken 
into account. As engineers attempt to de¬ 
sign devices that operate at higher frequen¬ 
cies, that are smaller, more efficient, more 
precise, more sensitive, more reliable, and 
at the same time less expensive than ever 
before, the need to reckon in field effects 
grows steadily in importance. 

The purpose of field simulation is to cre¬ 
ate reliable and accurate prototypes using 
a computer. The performance of the de¬ 
vice is determined with complete reliabil¬ 
ity and with high precision by simulating 
the device’s electromagnetic fields. These 
fields are fundamental to all electrical 
products, although few engineers in the 
past computed them to improve product 
design. The most common approach to 
electrical product simulation has been 


through the use of circuit models that, in 
fact, provide a high-level approximation of 
the electromagnetic fields. The inherent 
uncertainty and inaccuracy of this practice 
is the cause of the build-test-modify design 
cycle used in electrical engineering today. 

The way in which simulation technolo¬ 
gy is changing the design process may be 
illustrated by the design of a coax-to- 
waveguide transition. The purpose of the 
transition is to convert electric signals from 
coaxial conductors into others for 
waveguides with minimum reflection. 

Engineers have traditionally designed 
such components by estimating the im¬ 
pedance of each section of the transition 
and building a circuit model that predicts 
the overall transition’s electrical response. 
But accurate values of the impedances are 
almost impossible to obtain and, because 
of the coupling of the electromagnetic 
field between sections, the circuit model 
is inaccurate even with good impedanee 
values. As a result, building an actual pro- 



[1] A three-dimensional tetrahedral mesh is used in an electromagnetic field analysis 
of a coax-to-waveguide transition. The field is confined to the air space within the con¬ 
ducting shell; its magnitude at 12.4 gigahertz along the center of the transition is shown 
in shades of ted from dark to light. The analysis divides the space into 10 439 second- 
order, tangential-vector finite elements. The matrix has 52 000 by 52 000 elements. The 
solution is accurate to 50 decibels and took two hours when the analysis software 
was run on an HP 9000/834 computer. 
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Representative electromagnetics analysis software tools 


1 Package 

Company 

Year 

first 

available 

Price. US S 

Platforms 

Applications 

Maxwell 3D 

Ansoft Corp. 

1989 

- 

Apollo, HP, IBM, IBM PC, Sony, 
Sun, Tektronix 

Eddy currents, digital inter¬ 
connects 

EM-SIm 

EESof 

1989 

- 

Apollo, HP, IBM, Sun 

Microwaves 

High-Frequency Structure 

Simulator 

Hewlett-Packard Co. 

1990 

- 

Apollo, HP, Sun 

Microwaves 

Magnet 

Infolytlca.Corp. 

1978 

- 

Apollo, DEC, HP, IBM PC, Sun 

Electrostatics, magnetostatics, 
eddy currents 

Magnet 2D, 3Dx 

Infolytica Corp. 

1978 

$14 999-P 

Apollo, DEC, HP, IBM, IBM PC, 
Sun 

Microwaves, particle trajectory 

Coulomb 

Integrated Engineer¬ 
ing Software Inc. 

1989 

$17 500 

IBM PC 

Electrostatics 2-D/3-D 

MSC/EMAS 

MacNeal-Schwendler 

Corp. 

1989 

$1000- 
$2500 
per month 

Apollo, Convex, DEC, HP, IBM, 
Sun 

Electrostatics, conduction, 
magnetostatics, eddy currents, 
transients, microwaves, reso¬ 
nant modes 

Parasitics Parameters 

Pacific Numerix Corp. 

1987 

$25 000 

Apollo, DEC, HP, IBM, Inter¬ 
graph, Sun 

Digital Interconnects, elec¬ 
trostatics, conduction 

XTK 

Quad Design Technol¬ 
ogy Inc. 

1989 

- 

Apollo, DEC, HP, Sun 

Digital Interconnects 

Greenfield 

Quantic Laboratories 
Inc. 

1986 

- 

Apollo, DEC, HP, Sun 

Digital interconnects 

EM 

Sonnet Software 

1989 

- 

Apollo, Cray, HP, IBM, Sun 

Microwaves 

Ansys 

Swanson Analysis 
Systems Inc. 

1970 


Alllant, Apollo, CDC, Convex, 
Data General, DEC, FS Comput¬ 
ing, Harris, HP, Honeywell, 
IBM, IBM PCs, Intergraph, 
Prime, Silicon Graphics, Star- 
dent, Sun, Tektronix 

Electrostatics, magnetostatics, 
eddy currents 

Elektra 

Vector Fields Ltd. 

1990 


Apollo, DEC, IBM 

Eddy currents 


totype has until now been essential—even 
though expensive and time-consuming. 

Field simulation allows the performance 
of the coax-to-waveguide transition to be 
predicted to well within measured perfor¬ 
mance. The return loss predicted by field 
simulation for the coax-to-waveguide tran¬ 
sition for 8.2-12.4-gigahertz values agrees 
with measurements at a signal level of - 50 
decibels. (Return loss is defined as the ratio 
in decibels of power reflected by the tran¬ 
sition to the input power.) That accuracy 
is phenomenal; it means that 99.999 per¬ 
cent of input signal energy is transmitted 
through the structure. 

Further, field simulation provides the 
design engineer with a tool to visualize the 
electromagnetic fields in the structure. A 
snapshot of the traveling wave in the coax- 
to-waveguide transition [Fig. 1] shows the 
magnitude of the electric field along the 
center of the transition at 12.4 GHz in 
shades of color. By studying such field pat¬ 
terns, engineers gain understanding of how 
the device works and how design changes 
will affect performance. 

Tools for manufacturing 

As for manufacturing in an integrated 
CAD environment, the field simulation 
model developed by the design engineer is 
passed to the manufacturing engineer. The 
latter then runs parameter studies of the 
device by varying key dimensions and 


materials to determine the sensitivity of 
device performance to these parameters. 
Further, the field simulation model helps 
determine the impact of unforeseen 
changes during manufacturing due to var¬ 
iations in supplies and facilities. 

Phenomena that can be analyzed with 
a field simulator vary immensely. Elec¬ 
tromagnetic fields behave quite different¬ 
ly at different frequencies, and engineers 
designing different devices are interested 
in different features. Those working with 
static and low-frequency fields are often in¬ 
terested in capacitances and inductances. 
Designers of magnetic devices are often 
concerned with saturation. Engineers 
designing connectors for high-frequency 
digital signals worry about return loss and 
the crosstalk between conductors. Those 
working with microwaves and optics must 
look into traveling waves and reflections. 

As a result, certain solver modules are 
best suited for particular classes of prob¬ 
lems. Commercial software is based on ei¬ 
ther the finite-element or the boundary- 
element method. In addition, 3-D effects 
predominate in some devices and require 
full three-dimensional analysis. IVvo- 
dimensional analysis is appropriate for 
axisymmetric devices and for devices in 
which the fields lie in a single plane. How¬ 
ever, regardless of the particular device, 
analysis method, or software package, the 
general procedure consists of five steps; 


modeling, selection of materials and 
sources, mesh generation, solving for field 
values, and using these values in other cal¬ 
culations. 

The first step in analyzing a device is to 
create a computer model of its geometry. 
Modern CAE systems use interactive 
graphics and solid modeling procedures to 
enter complicated geometries easily. 

To illustrate the process, the solid model 
for the coax-to-waveguide converter was 
entered in the following way; 

First, the user drew 2-D outlines of 
primitive shapes. For example, the 
waveguide component of the transition in 
Fig. 1 was created by first drawing the 
stepped rectangular outline. 

The 2-D cross section was then swept or 
revolved through a volume of space to cre¬ 
ate a primitive solid object. For example, 
the length of coaxial cable was formed by 
sweeping its circular cross section through 
its length in space. 

Complex features are created by uniting, 
intersecting, and subtracting other 3-D ob¬ 
jects. For example, the coax-to-waveguide 
transition was achieved by uniting the two 
solids representing the coax and the 
stepped waveguide. 

The ability to use Boolean operators 
(unions, intersections, and subtractions) to 
combine and subtract 3-D objects is criti¬ 
cal in creating complex models. These 
operators are founded on the application 
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of the Euler invariance characteristic that 
states that the sum of the number of ver¬ 
tices and faces of a surface minus the num¬ 
ber of its edges is constant, regardless of 
how the surface is divided. Using the Euler 
invariance characteristic automatically en¬ 
sures that geometric integrity is main¬ 
tained by the solid model at all times. In 
finite-element modeling, since material at¬ 
tributes must be specified for each part, 
it is important to distinguish true solid 
modeling from other methods of 
representing 3-D structures, such as 
wireframe modeling systems, in which the 
integrity of the attributes of each compo¬ 
nent part is not guaranteed. 

Material matters 

After the solid model is created, mate¬ 
rial properties such as the dielectric con¬ 
stant and the electric conductivity are as¬ 
signed to each object in the model. 
Property assignment may be performed 
automatically by correlating object names 
with properties in a material database, or 
it may be entered via a keyboard and a 
panel on the screen. 

Sources of electromagnetic fields also 
need to be specified. In the coax-to- 
waveguide example, the source is an input 
wave traveling down the coax. In other 
problems, quantities such as an applied 
voltage, the current in a coil, or a perma¬ 


nent magnet provide the source of the 
fields. 

The basic idea of both the finite- and 
boundary-element methods is to divide the 
device to be simulated into a large num¬ 
ber of small regions called finite elements 
and to represent either the field or its 
source in each element with discrete vari¬ 
ables. For example, in the case of the coax- 
to-waveguide transition [Fig. 1], the elec¬ 
tromagnetic field is confined to the air 
space within the conducting shell. With 
finite-element methods, this 3-D air space 
is divided into finite elements. With 
boundary-element methods, the mesh for 
only the surface of the air space is re¬ 
quired. 

Fully automatic mesh generators are 
now available. For 2-D models, one way to 
automatically divide the geometry into a 
mesh is to use a set of triangles called a 
finite-element mesh. In three dimensions, 
the triangle is replaced with a tetrahedron. 
The surface of the 3-D tetrahedral mesh 
used in the finite-element analysis of the 
coax-to-waveguide transition is shown in 
part at the boundaries in Fig. 1. 

Since 1984, procedures based on Delau¬ 
nay tessellation have become increasingly 
popular for finite-element mesh genera¬ 
tion. Delaunay tessellation converts an ar¬ 
bitrary set of points into a triangular or 
tetrahedral mesh. Meshes of this kind have 


some very special properties: they are 
unique except for congruences, they may 
be generated efficiently by using a local 
refinement procedure, and, most impor¬ 
tantly, they are optimal in that they max¬ 
imize the sum of the minimum angles of 
all the elements in the mesh. These facts 
mean that Delaunay meshes avoid a prob¬ 
lem that plagued earlier approaches—the 
mathematical instabilities that arise from 
the presence of very narrow elements. 
Delaunay tessellation is therefore ideal for 
simulation by either the finite- or 
boundary-element method. 

As implemented in some software pack¬ 
ages, Delaunay mesh generation even pro¬ 
vides the ultimate convenience of invisibil¬ 
ity. With “invisible” mesh generation, the 
computer user simply enters the soli 
model of the device being studied, speci¬ 
fies its material properties, and enters 
“Solve.” The machine then automatical¬ 
ly creates a minimal mesh for the device, 
solves for the fields by using this mesh, 
computes the error in each element, and 
iteratively refines those elements having 
too large an error. These steps are invisi¬ 
ble to the user, who never interacts with the 
mesh or even sees it unless he or she wish¬ 
es to. And the simulation is guaranteed 
correct to within user-specified accuracy. 

The solution of the coax-to-waveguide 
transition shown in Fig. 1 was obtained by 
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[2] A microwave low-pass filter consisting of a printed conducting strip with three cross 
members on a dielectric substrate is analyzed by the finite-element method. Tetra¬ 
hedrons indicate the electric field vectors at 6 GHz. 


using invisible mesh generation. Eight iter¬ 
ations of mesh refinement were required 
to obtain a solution accurate to 50 dB, be¬ 
ginning with a coarse mesh containing 537 
tetrahedral elements and ending with a fine 
mesh of 10 439 elements. The total solu¬ 
tion time, including creating a solid model 
and eight levels of invisible mesh genera¬ 
tion and field solutions, was two hours on 
HP 834 with 48 Mbytes of RAM. 

The solution process 

Electromagnetic field simulation in¬ 
volves solving Maxwell’s equations, which 
completely describe the behavior of elec¬ 
tromagnetic fields. The finite-element 
method expresses these four equations in 
terms of differential equations, while the 
boundary-element method employs in¬ 
tegral equations. Often, to simplif^y the 
analysis. Maxwell’s equations are ex¬ 
pressed in terms of electric and magnetic 
potential functions. 

An approximation is made of the field 
or potential in each element in the mesh, 
and the complete solution is obtained by 
enforcing physical and mathematical re¬ 
quirements on a set of local-approxima¬ 
tion functions. These requirements are ex¬ 
pressed as a large matrix equation that is 
solved for the electrom^netic field. With 
the finite-element met^ds, the resulting 
matrix equation is sparse, with just a few 
nonzero entries per row. This fact allows 
the matrix equation to be solved using a 
sparse-matrix algorithm, in which only the 
nonzero entries in the matrix are stored. 
Boundary-element methods in general 
produce full-matrix equations, which are 
very expensive and time consuming to 
solve. Solution times for the full matrices 
grow as the cube of the number of 


unknowns in the problem. On the other 
hand, the time required to solve the sparse 
matrices arising in the finite-element 
method by the preconditioned conjugate 
gradient algorithm increases approximate¬ 
ly linearly with respect to the number of 
unknowns. 

The most significant advance in finite- 
element methods in recent years has been 
the discovery that numerical electro¬ 
magnetics has a complex and intricate 
structure that must be obeyed to provide 
reliable results. Traditional finite-element 
methods do not take this structure into ac¬ 
count and sometimes produce spurious 
simulations that have no correspondence 
to physical reality. To grasp the numerical 
structure of electromagnetics, note that the 
continuity requirement enforced on a sca¬ 
lar field variable such as the electric poten¬ 
tial is this: that the potential itself is con¬ 
tinuous, but its derivative may jump across 
inter-element boundaries. On the other 
hand, the electric field, which is the nega¬ 
tive gradient of the potential, satisfies a 
different continuity requirement: that its 
tangential component is continuous, but 
its normal component may jump across 
inter-element boundaries. Further, the 
electric flux, which is obtained by mul¬ 
tiplying the electric field by the permittivi¬ 
ty, satisfies a third continuity requirement: 
that its normal component is continuous, 
but its tangential component may jump 
across inter-element boundaries. Finally, 
the divergence of the electric flux is a 
charge distribution that is a discontinuous 
scalar. 

Thus suppose that, in the numerical 
realm, the electric potential is approximat¬ 
ed by piecewise continuous polynomials 
—that is, separate polynomials defined 


over each finite element possessing func¬ 
tion continuity but lacking derivative con¬ 
tinuity across inter-element boundaries. 
Then, to be consistent and avoid numeri¬ 
cal instabilities, the electric field, too, must 
be approximated—by tangential-vector fi¬ 
nite elements in which the approximation 
variables are provided by the tangential 
components of the field along the finite- 
element edges. And, in this numerical 
structure, permittivity is an operator that 
converts tangential elements into normal 
elements that interpolate to the normal 
component of the field along the finite- 
element edges. 

Scalar, tangential-vector, and normal- 
vector finite elements have been derived 
using both first- and higher-order interpo¬ 
lation polynomials to represent the varia¬ 
tion of the fields inside the finite elements. 
For a given matrix size, high-order finite 
elements yield much greater accuracy than 
do first-order elements. However, they re¬ 
quire more variables per element and are 
much harder to program. Several current 
CAE programs use second-order finite ele¬ 
ment as the optimum tradeoff between ac¬ 
curacy and element complexity. 

Although generating the field solution 
is an essential step in electromagnetics 
analysis, it is not the ultimate goal. Design 
issues often revolve around computing 
quantities such as force, torque, capaci¬ 
tance, inductance, saturation, heating, and 
energy that need to be derived from the 
computed electromagnetic fields. 

To manipulate field quantities, many 
current electromagnetic CAE systems con¬ 
tain a calculator to perform the differen¬ 
tiation, integration, and vector operations 
required to postprocess the field solutions. 
The calculator operates on a stack of 
registers, each of which can hold an entire 
field quantity. The calculator usually con¬ 
tains separate number, line, plane, and 
space fields. These features make the task 
of performing vector calculus as easy as 
operating a pocket calculator. Many sys¬ 
tems Include a transcript capability by 
which a sequence of operations can be 
recorded and added to the menu as a new 
command. Thus a subsequent call to this 
command will instruct the software to per¬ 
form the desired operation automatically. 

To help engineers understand the elec¬ 
tromagnetic fields in the device with which 
they are working, modern field simulators 
display plots of the electric and magnetic 
fields as an aid to visualization. Tfechniques 
include displaying arrow plots of vector 
fields, contour and shaded plots of scalar 
fields, and magnitude-versus-distance 
graphs. It is also possible to zoom into 
local regions and to study the field in the 
magnified portion of a device. 

Two typical applications 

The range of electromagnetic CAE ap¬ 
plications is as broad as the electromag¬ 
netic spectrum itself. But there is only 
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room for two examples. 

The microwave low-pass filter shown in 
Fig. 2 was built and measured by Hewlett- 
Packard Co., Palo Alto, Calif. As part of 
the validation of the HP high-frequency 
structure simulator, this filter was analyzed 
with the finite-element model shown in 
Fig. 2. A comparison of the filter’s meas¬ 
ured performance along with the results 
predicted by the model showed the finite- 
element model to be accurate throughout 
the frequency range from 100 megahertz 
to 8.5 GHz. By examining plots of the 
filter’s electric field vector at 3, 4, 5, and 
6 GHz, an engineer can observe the 
resonances that occur in the filter elements 
that produce the reflection nulls at 4 and 
6 GHz. The electromagnetic coupling be¬ 
tween stubs observed in the finite-element 
solution is a phenomenon not included in 
circuit models. 

An important area for electromagnet¬ 
ics CAE for the future is the prediction of • 
signal cross talk between conductors in 
digital circuits. As computer clock rates go 
higher, electromagnetic effects in the in¬ 
terconnects between the circuit elements 
become more and more important. Even 
today, many computers are limited in com¬ 
putational speed primarily by the effects 
of electromagnetic coupling in the digital 
interconnect circuits. 

At relatively low frequencies (up to 100 
MHz), a digital interconnect circuit will 
support a quasi-transverse-electromag- 
netic wave that may be simulated by elec¬ 
trostatic and magnetostatic analysis. The 
purpose of these static analyses is to de¬ 
termine the capacitance and inductance 
matrices for the circuit from which the sig¬ 
nal propagation characteristics of the de¬ 
vice may be computed. The inductance 
matrix is often obtained by inverting the 
capacitance matrix computed by setting 
the relative permittivities of the dielectrics 
equal to one in an electrostatic analysis. 

Once the capacitance matrix C and the 
inductance matrix L for the interconnec¬ 
tion device are found, the modes of elec¬ 
tromagnetic signal propagation along the 
device are determined by computing the 
eigenvalues and eigenvectors of the prod¬ 
uct LC matrix. A typical interconnection 
system consisting of eight circular conduc¬ 
tors and four layers of planar dielectrics 
has eight modes and eight velocities of 
propagation. The eight velocities of propa¬ 
gation are relatively close—ranging from 
2.34 X 10® to 2.43 x 10* meters per 
second—but these different velocities pro¬ 
vide different delays per meter length of 
line for each mode. A digital signal in¬ 
troduced at one end of the connector will 
therefore distort as it propagates along the 
line since it is composed of a linear com¬ 
bination of the eight velocity modes. Fur¬ 
thermore, voltages will be induced in 
neighboring conductors to each line since 
the eight voltage patterns will propagate 
along the conductors. 


To provide a specific example of cross¬ 
talk and pulse distortion, the eight conduc¬ 
tors in the connector were connected at 
each end and a pulse was applied to the 
input end of the first line. Crosstalk on the 
second line is induced directly by the input 
signal on the first and is reduced in mag¬ 
nitude but exhibits no distortion. A sec¬ 
ond signal, however, is caused by the input 
wave propagating down and back along 
the connector and is badly distorted by the 
dispersion of the eight propagating modes. 

The signals predicted by finite-element 
analysis and mode propagation are 
remarkably close to the measured values. 
The simulation catches even small dips in 
the distorted signal that might have been 
ascribed simply to noise on the line. This 
demonstrates the power of electromagnetic 
CAE: even the noise that electrical en¬ 
gineers have tried to avoid for decades is 
in reality an electromagnetic effect that can 
be accurately and completely modeled by 
solving the electromagnetic field 
equations. 

Software pointers 

While many electromagnetics CAE soft¬ 
ware packages are available, their ranges 
of application vary greatly. It is therefore 
imperative to investigate the suitability of 
the software to each application. In gener¬ 
al, software tuned to a particular area will 
be easier to use in that area than general- 
purpose software that tries to be all things 
to all people. Most software is available on 
a one-month-trial basis. It is a good idea 
to try out several packages before decid¬ 
ing on the one to purchase. Also, note that 
it takes at least one to two months to be¬ 
come proficient with this type of design 
tool. 

The following capabilities should be 
considered in selecting electromagnetics 
CAE software; 

General issues 

• Ease of use. Some software packages 
date from the remote computer era when 
data was entered as card images, while 
other software was developed with com¬ 
puter graphics, pop-up menus, and data 
panels in mind. In general, a graphics- 
oriented interface that employs menu com¬ 
mands selected by a mouse simplifies pro¬ 
gram operation and makes you more 
productive more quickly. 

• Quality. How completely is the software 
tested on the range of problems for which 
it is designed? How responsive are the cus¬ 
tomer support personnel if there is a prob¬ 
lem? Customer support is a two-edged 
sword: you need to have it there, but you 
do not want to get to know the staff sup¬ 
port personnel on a first-name basis. Be 
leery of a company that promotes the size 
of its customer support staff over the qual¬ 
ity and ease of use of its software. 

• Integrity. Is the user interface consistent 
throughout the entire simulation process, 
or are different systems used for problem 
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entry, for analysis, and for postprocessing? 

• Documentation. How good is the user’s 
manual? Are there tutorial manuals and 
example problems that can help you to get 
started? 

• Flexibility. This is also a two-edged 
sword. On the one hand, you want the 
software to work with the full range of 
problems in which you are interested. On 
the other hand, getting a too-general pack¬ 
age can lead to unnecessary complications. 

• User training. Are courses in the use of 
the software available, and are they 
designed to address the type of problems 
that you have? 

• Hardware. Does the software run on a 
variety of platforms ranging from inexpen¬ 
sive PCs and workstations to high- 
performance supercomputers? 

Problem definition 

• CAD interfaces. Do easy-to-use inter¬ 
faces to CAD programs and to other anal¬ 
ysis packages exist? 

• Geometry entry. Is the problem geome¬ 
try entered via simple solid modeling com¬ 
mands, or must it be built up piece by 
piece? 

• Parametric dimensions. Does the soft¬ 
ware support parametric dimensions that 
make it easy to make design changes, or 
does it require reentering the geometry if 
there is a change in the problem 
dimensions? 

• Data entry. Is there a material database 
that sets material attributes automatical¬ 
ly? Does the software employ pop-up com¬ 
puter graphics panels for ease of data 
entry? 

• Grids. Does the software provide user- 
defined grids with snap-to-grid-point or 
snap-to-object-point capability that ensure 
crisp drawings with parallel lines that are 
truly parallel and conforming objects that 
match perfectly? 

• Lists. Can groups of objects be assigned 
to a single list so that a whole group of ob¬ 
jects may be manipulated independently 
of the other objects in the problem space? 

• Views. Can objects be split and fields 
viewed along user-defined planes? 

• Interaction. Does the software provide 
the capability to “touch” the model by 
pointing on the computer graphics screen 
with the cursor and mouse to obtain co¬ 
ordinate information directly? 

Analysis 

• Mesh generation. Is mesh generation in¬ 
visible or must it be performed by the 
user? If the latter, is it more or less auto¬ 
matic, or does it require a great deal of user 
knowledge and interaction? 

• Error estimates. Does the software pro¬ 
vide error estimates for the computed so¬ 
lutions? 

• Spurious solutions. How are the spuri¬ 
ous solutions inherent in ordinary finite 
elements detected and eliminated? 

• Sparse-matrix procedures. Are efficient 
sparse-matrix solution procedures (such 

(Continued on p. 93) 
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FOCUS REPORT: ENGINEERING SOFTWARE 


The case for CASE tools 

Software now being embedded in everything from electronic credit cards to mission-critical 
flight systems is creating a demand for CASE tools for all phases of the software's life-cycle 


Just about every elec¬ 
tronic system being en¬ 
gineered today contains 
software. That was not 
the situation in the 
1970s, when electrical 
engineering meant 
designing hardware and 
when the focus of design 
was the creation of circuitry. Today, a typi¬ 
cal engineering team often comprises two 
software designers for every engineer who 
is working on hardware. 

The dependence of products on soft¬ 
ware is thus a relatively new phenomenon, 
and one with which the electronics indus¬ 
try is just beginning to come to grips. 
Whereas engineers have had tools to meas¬ 
ure the performance of hardware and the 
course of its development for most of the 
20th century, they are just starting (com¬ 
paratively speaking) to develop and em¬ 
ploy tools that will give them the same de¬ 
gree of control over software development. 
In fact, it was not until the mid-1980s that 
an umbrella term for this effort—CASE, 
or computer-aided software engineering 
—was coined. 

Of course, software was being created 
long before. In the early 1950s, the first 
commercial computers begot a need for 
people who could make them perform 
numerous accounting tasks: billing, record 
keeping, and so forth. Then, too, scientists 
were employing mainframe computers to 
make complex calculations for both mili¬ 
tary and civilian projects. During this peri¬ 
od, the first computer languages, Cobol 
(Common Business Oriented Language) 
and Fortran (Formula Translation), were 
developed. 

These high-level languages reflect the 
fundamental benefits of CASE tools: they 
allow a programmer to work at a higher 
level of abstraction, concentrating on the 
problem that the software must solve, rath¬ 
er than on how the hardware uses 5-volt 
or 0-V signals. They thereby make the 
programmer more productive and allow 
others to understand what he or she is 
doing and even join in creating software. 

When a user wants to run a program 
written in a high-level language, having the 
computer interpret that program one line 
at a time into the Is and Os it understands 
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slows it down. Therefore, compilers were 
developed to convert an entire program 
into machine-readable code before the 
program was run. Debuggers were devel¬ 
oped to allow programs to be checked for 
adherence to programming rules before 
they were run, and editors were created to 
enable programmers to correct their mis¬ 
takes. Linkers allowed programs to be writ¬ 
ten in modules and joined together so that 
they would work as a single entity. And 
monitor tools were developed so that soft¬ 
ware developers could see how efficient 
their programs were. 

With the advent of the microprocessor, 
software became a standard part of most 
electronic products. Companies therefore 
needed to organize the process of software 
development so that embedded soft¬ 
ware-code that is invisible to the ultimate 
user but that gives the product its 
functionality—could be created on sched¬ 
ule. They began to employ strict software 
methodologies, using methodology com¬ 
panions that assisted the programmer and 
made sure that he or she followed the 
method. 

They also began to use suites of software 
tools that worked well together. New lan¬ 
guages (Pascal, C, and C^"^) that made 
programming more organized and oper¬ 
ated more efficiently with popular com¬ 
puter operating systems were developed. 
The US. Department of Defense evolved 
an all-encompassing development and 
maintenance environment called Ada. 

Future CASE 

Today, CASE is beginning to extend its 
reach beyond software generation—the 
term is coming to stand for “computer- 
aided systems engineering.” Developers 
are working on tools that will let compa¬ 
nies capture the basic concepts behind a 
design and simulate the concepts so that 
potential customers will be able to “fly be¬ 
fore buy.” They are creating “virtual real¬ 
ities” in which software so mimics the real 
world that the simulation and reality are 
“virtually” indistinguishable. 

Further, CASE companies are looking 
at ways of helping design managers decide 
what should be done in hardware and what 
in software, and what kinds of hardware 
and software should be employed. Other 
tools are being created to control develop¬ 
ment and check progress against the de¬ 


sign goals, once they have been decided 
upon. The ultimate objective is for hard¬ 
ware and software designers, manufactur¬ 
ing engineers, logistics and maintenance 
support personnel, and even documenta¬ 
tion specialists to be able to perform their 
respective project tasks in parallel—a de¬ 
velopment being referred to as concurrent 
engineering. 

Software engineering today 

The lessons learned from the historical 
development of software engineering have 
led to an organized approach to software 
development today. No longer do 
programmers simply go off and write code 
(although there are some who would still 
prefer to do so). In CASE, the program¬ 
ming organization takes a top-down ap¬ 
proach to creating software, much as hard¬ 
ware designers take a top-down approach 
to system design. 

A modern software project begins with 
a project/product planning (P/PP) phase 
in which a specification is generated. Ideal¬ 
ly, the specification puts into unambigu¬ 
ous terms exactly what the software should 
accomplish. Basic decisions about what 
language or languages and tools will be 
needed for the project are usually made at 
this time. At this point, CASE tools can 
provide help in organizing, documenting, 
and generating a specification. Further, 
with simulation tools, the team can mock 
up the software system so that the poten¬ 
tial users interact with it and critique it. 

Once agreement has been reached on 
what the software should do, the team can 
create an architecture for the system, which 
they do during the requirements/design 
analysis (R/DA) phase. In creating an 
overall architecture, the proposed software 
system is divided up into programs, rou¬ 
tines, and subroutines and the interdepen¬ 
dencies of these modules is clearly 
delineated. 

For example, an editorial software sys¬ 
tem can consist of several programs that 
interact; not only would there be a word 
capture system, but there could also be dic¬ 
tionaries for checking spelling, a thesau¬ 
rus for finding synonyms, and perhaps a 
grammar checker. These programs would 
have several routines. The dictionary pro¬ 
gram would have a routine that allows the 
user to select a particular dictionary or to 
create a special dictionary. The dictionary 
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CASE tools help throughout the software 
lifecycle. During software systems defini¬ 
tion, simulating the system (such as that 
for cockpit Instrumentation, top) helps de¬ 
velopers find out from potential cus¬ 
tomers If they are on the right track. For 
the implementation of a user interface 
(see bottom), CASE tools can let the 
programmer concentrate on the appear¬ 
ance of the interface, which would be far 
from apparent in its code. 

language, it generates very efficient code 
and allows access to a machine’s hardware. 

As code is being created, management 
would like programmers to document their 
effort so that others can understand what 
the code is supposed to do and how it does 
it. Using a structured technique makes it 
easier for others to understand code, and 
it is also necessary that programmers add 
comments to the code to make it clear. 

At the same time, documentation tools 
are needed to provide potential users with 
a guide to the software’s operation. If this 
can be done in parallel with the generation 
of the software, the software and docu¬ 
mentation will be ready for release soon¬ 
er than if the documentation process be¬ 
gins only after the software is complete 
and programmers have gone on to other 
tasks. 

Documentation is also needed so that 
others can maintain and update software 
once it has been released. Part of the soft¬ 
ware maintenance effort is keeping track 
of which modules have been used to cre¬ 
ate a version of the software, while another 
part is determining the cause of a software 
failure. For the latter function, the tools 
used are often the same ones used when 
hardware and software are integrated. 
However, they are applied differently. 

For example, during hardware and soft¬ 
ware integration (H/SI), engineers may use 
profilers to see how efficiently a particu¬ 
lar module runs in the hardware system. 
If they do not like the result—that is, if the 
module takes too long to run—they may 
go back and recode the module to make 
it more efficient; they may even decide to 
write the code in assembly rather than in 
a high-level language. For software service, 
maintenance personnel might profile a 
software operation to see how each mod¬ 
ule is performing, and use the resulting 
data to look for the source of a fault. 

Methodologies 

As noted earlier, CASE methodologies 
take programmers away from the “let’s just 
write code” school of programming. 
Programmers now talk of various ways in 
which they can approach the problem of 
creating a system and the roles of the var¬ 
ious elements that make up programs. 

The earliest attempt to systematize pro¬ 
gram generation is attributed to Edsger 
Dijkstra, who is sometimes called the fa¬ 
ther of structured programming. Original¬ 
ly called “GOTO-less programming,” 


would also have subroutines checking the 
spelling of a word and for replacing a mis¬ 
spelled word. 

In creating an architecture, the software 
developers can see what routines and 
subroutines may be used in several places 
in the system. Further, they may be able 
to identify areas that can be implemented 
by using code previously created for anoth¬ 
er project. One of the major goals of 
CASE is to reuse existing code, thereby 
minimizing the effort needed to create new 
systems. 

Having defined the architecture, the 
team is now able to concentrate on how 
various functions should be implemented. 
During this software design (SD) phase, 
the focus is on finding or creating the al¬ 
gorithms that must be encoded to imple¬ 
ment the various software tasks. 

Lower CASE 

Defining algorithms completes the ef¬ 


fort in what is called the Upper CASE part 
of the design. What follows. Lower CASE, 
is the true production of the software sys¬ 
tem. The first effort in Lower CASE is to 
take the algorithms that are the output of 
the SD phase and put them into code, that 
is, what is generally called programming. 
During SD, programmers will use editors, 
compilers, and such to create the actual 
programs. 

Their efficiency will depend primarily, 
however, on the language in which they 
work. A programmer working in an as¬ 
sembly language can usually produce only 
one line of good code per hour, whereas 
a C programmer may produce 20 lines in 
the same time. The choice of languages for 
particular modules of code is generally 
based on how quickly the code must run; 
assembly (which interacts directly with 
hardware) executes much more quickly 
than, say, Fortran. One reason that C is 
very attractive is that, while it is a high-level 
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Representative computer-aided software engineering (CASE) packagr 


Package 

Company 

Year first 
available 

Price, 

US $ 

Platform 

Operating system 

Tool function | 

IPSE 

Atherton Technology 

1987 

$15 150 

VAX, RS/6000, Sun 

AIX, Sun OS 

Project management 


ADAS 

Cadre Technologies 

Inc. 

1988 

N.A. 

VAXstation, DECstation, HP/Apollo, 
HP 9000, IBM RT, Sun 

Domain OS, Sun OS, 
Ultrix, Unix, VMS 

System simulation 


Organized C 

Code Farms Inc. 

1989 

$75 (DOS), 
$12 745 
(Unix), 

$20 000 
(full source) 

PC; Sun 3, 4, Sparcstation; Sony 
(News), HP 9000, VAX, MIPS, 
others 

DOS, Unix, VMS 

Data management 


C-n-/Soft Bench 

Hewlett-Packard Co. 

1990 

$9995 

HP/Apollo, HP 9000 

Domain OS, Unix 

Programming en¬ 
vironment 


Stalemate 

i-Logix Inc. 

1987 

$75 000 

DECstation, VAXstation, HP/Apollo, 
Sun 

Aegis, Domain OS, 
Sun OS, Ultrix, VMS 

System definition 


Software through 
Piotures 

Interactive Develop¬ 
ment Environments 
(IDE) Inc. 

1984 

$5000- 
$21 000 

DECstation, VAXstation, HP/Apollo, 
HP 9000, RS/6000; Sun 2, 3, 4, 
Sparcstation, 3861 

AIX, Sun OS, Ultrix, 
Unix, VMS, MPUX, 
Domain OS 

Integrated environ¬ 
ment 


Eiffel 

Interactive Software 
Engineering Inc. 

1985 

$3000 (avg.) 

Sun, Sony, IBM, Data General, DEC, 
HP/Apollo, MIPS, HP, Silicon Graph¬ 
ics, Sequent, Pyramid, Amdahl, 
Apple A/UX 

AIX, A/ UX, HP-UX, 
Sun OS, Ultrix, DG- 
UX, SCO Open Desk¬ 
top, ESix, 389ix, BSD 

4.3, UTS, News OS 

3.3, VMS 

Programming lan¬ 
guage and environ¬ 
ment 


CASE Station 

Mentor Graphics Inc. 

1990 

N.A. 

HP/Apollo, Sun 

Aegis, Domain OS, 
Sun OS, Unix 

Integrated environ¬ 
ment 

! 

Design/IDEF 

Meta-Software Corp. 

1987 

$2995 

PC/AT, PS/2, Macintosh 

DOS/Windows, MAC 
OS 

Methodology com¬ 
panion 


NDP Fortran 

MicroWay Inc. 

1987 

(386) 

$895-$1995 
(depending 
on platform) 

PC 386, 486, i860 

DOS, Unix, Xenix, Sun 
OS 

Compiler 


OPNET 

MIL 3 Inc. 

1987 

$14 000 

DECstation, HP/ Apollo, Silicon 
Graphics, Sun 3, 4, Sparcstation 

Ultrix, IRIX, Domain 
OS, Sun OS 

Network and system 
simulation 


NeuralWorks Profes¬ 
sional II 

NeuralWare Inc. 

1987 

$1495 (PC, 
Mac); $2995 
(Sun); 

N.A. 

(NCube) 

PC, Macintosh, Sun 3,4, 286i; 
NCube 

DOS 3.x, MAC OS, 
Sun OS 4.0.1, AXIS 
OS plus Vertex MSG 
ROUT 

Al neural network de¬ 
velopment environ¬ 
ment 


Objectivity/DB 

Objectivity Inc. 

1990 

$15 000 

Sun, DECstation, VAX, IBM 
RS-6000 

Sun OS, Ultrix, VMS, 
A/IX 



Janus/Ada CASE 

RR Software Inc. 

1990 

$8750 

PC 386, Sun 

DOS/Windows, Unix/ 
X-windows 

Ada design environ¬ 
ment 


Saber-C 

Saber Software Inc. 

1987 

$2995 

DECstation, VAXstation, Sun 

Sun OS, Ultrix 

Programming envi¬ 
ronment 


SES/workbench 

Scientific & En¬ 
gineering Software 
(SES) Inc. 

1989 

N.A. 

VAXstation, HP/Apollo, Sun 

Unix, VMS 

System design and 
simulation 


CCC 

Softool Corp. 

1977 

N.A. 

IBM 30XX, 43XX, 9570, VAXsta¬ 
tion, DECstation, HP 9000; Sun 3, 

4; Data General, Concurrent, PC, 
others 

MVS, VM, Ultrix, HP- 
UX, Unix, MPX, VTX, 
DOS, OS/2, others 

Change/ configura¬ 
tion control 

1 

Software TestWorks, 
“stw” 

Software Research 
(SR) Inc. 

1986 

$5000- 
$25 000 
(depending 
on platform, 
composition) 

HP/Apollo, HP 9000, PC286, 386, 
PS/2, RS/6000; Sun 3, 4, Sparc¬ 
station, 3861 

AIX, Domain OS, DOS, 
HP-UX, OS/2, Unix, 
Xenix 

Software test 


Model-C 

System Control Tech¬ 
nology Inc. 

1988 

N.A, 

VAXstation, Sun 3, Sparcstation 

VMS, Unix 

System simulation 


T3 

TCI Software Re¬ 
search Inc. 

1985 

$595 

PC 

DOS 

Technical documenta¬ 
tion 


TeleUSE 

TeleSoft 

1990 

$7500 

DECstation, Aviion, Sun 3,4, 

Sun OS, Ultrix, Unix 

Graphical interface 
design environment 


lEF 

Texas Instruments 

Inc. 

1987 

N.A. 

PC/AT, PS/2, IBM, DEC, Tandem 

DOS, OS/2, VM, VMS, 
MVS, Unix 

Integrated environ¬ 
ment for information 
engineering 



IEEE SPECTRUM NOVEMBER 1990 





































1 p/pp' 

1 RD/A 

Activities supports 
1 SO 1 SI 1 SM 

1 SDOC 

H/SI 


Methodolog 
1 PO 1 00 

y_ 

SP 

~| Comments 1 


• 

• 

• 

ID 

• 

• 


• 


• 

• 

None 


• 

• 


1 



• 

• 

• 


• 

None 


• 


• 

• 

• 



• 

• 

• 

• 

Works in C and C+ + , either 
for in-code data or as a data¬ 
base maker; iibrary of per¬ 
sistent data objects; auto¬ 
matic change controi 




• 

• 

• 

• 





• 

None 


• 

• 






• 




None 




• 

• 

• 

• 

• 

• 

• 

• 

• 

None 




• 

• 






• 


None 



• 

• 

• 

• 

• 


• 

• 

• 

• 

Controi-panei and aigorithm 
prototyping 


• 

• 

• 



• 



• 

• 


Companion for structured 
anaiysis and design tech¬ 
nique (SADT); aiiows crea¬ 
tion of graphicai executable 
models 





• 







• 

None 


• 

• 

• 






• 



None 





• 






• 


None 













None 


• 

• 

• 

• 

• 

• 





• 

None 





• 

• 


• 

• 

• 

• 

• 

None 


• 

• 

• 

• 



• 

• 

• 

• 

• 

None 1 

1 

f 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Cross life-cycle support 

KE 




• 

• 

• 






• 

Includes TCAT, STCAT, /\c 

SMARTS, EXDIFF, CAP- □/, 

BANK, TDGEN, and TCAT- pJ 

PATH packages for test soft- 
ware generation “P 



• 


• 

• 

• 






None 


• 

• 




• 






— ---. SD 

None 




• 

• 

• 




• 

• 


None Me 

in 


• 

• 

• 

• 

• 

• 

• 

• 

• 

11 



Graphical interface, full life- po 
cycle support qq 

SP 


structured programming advocates the 
modularizing of code and following a rig¬ 
orous, checklist approach to code 
generation. 

Among Dijkstra followers, Tom DeMar¬ 
co and Edward Yourdan refined their men¬ 
tor’s approach to a highly systematized one 
in which all turns on understanding the 
flow of data through various processes. 
Their approach, referred to as the data- 
oriented or Yourdan-DeMarco methodol¬ 
ogy, makes extensive use of data-flow di¬ 
agrams, in which various operations are 
represented as circles, and a path between 
them indicates how data from one opera¬ 
tion flows into the next. 

A natural outgrowth of this approach 
for many programmers is to concentrate 
on the procedures, and to see program¬ 
ming as the process of implementing 
procedures; hence adherents to this meth¬ 
odology call it procedure-oriented (PO), 
and work at creating the most efficient 
procedures without concern for the kind 
of data being processed. 

Other programmers, however, have 
taken to looking at the relationships be¬ 
tween data, seeing the relationships as 
what is truly information. In this 
information-oriented (lO) approach, lists 
of data and the interrelationships implied 
in these lists is the primary focal point. The 
field of expert systems, with its emphasis 
on heuristics, is a prime example of infor¬ 
mation engineering. 

Object-oriented programming (OOP) is 
also an example of an approach in which 
the relationships between data types, called 
objects, is the primary focus. Most propo¬ 
nents of OOP will stress that it is r 
structured programming approach, at least 

the sense of the requirement to follow 
strict programming practices. However, 
the process of creating object-oriented pro¬ 
grams, it is fundamentally necessary to de¬ 
fine the relationships between data; hence 


= information-oriented 

















































































FOCUS REPORT: ENGINEERING SOFTWARE 


Board tools proliferate 

Software for the design of printed-circuit boards is becoming a common part 
of every engineer’s workplace, permitting better designs from the start 



No longer confined to 
mainframe computers 
or mechanical drafting 
departments, i ‘ 
printed-circuit board 
layout has moved into 
the world of personal 
computers and worksta¬ 
tions. With that move, 
board design has become the province of 
mainstream electronics engineers, as an¬ 
other function is added to the IC- and 
system-design repertoire. 

Running the gamut from basic entry- 
level PC packages selling for under US 
$1000, to full-fledged workstation-based 
tools, printed-circuit board products offer 
an amazing range of capabilities. Not quite 
“plug-and-play” offerings yet, they are get¬ 
ting close. Although the most critical o 
complex layouts still need human judg¬ 
ment and intervention, the trend is toward 
automatic placement of components and 
autorouters, which automatically set the 
traces once components are in place. 

However, manual placement and rout¬ 
ing, especially with entry-level software, re¬ 
main the leading methods. Answering the 
objections of those who say that autorout¬ 
ing cannot produce the most efficient lay¬ 
out in all cases, some autorouters are in¬ 
teractive, allowing the engineer to interrupt 
the automatic process and intervene to 
change critical paths as necessary. 

The tables that follow are a representa¬ 
tive sampling of the hundreds of available 
commercial software packages, and offer 
only a brief glimpse at the capabilities of 
those listed. A comprehensive evaluation 
would include a host of parameters and 
features too numerous to list: routing 
methods and strategies, editing capabili¬ 
ties, design and error rule checking, printer 
and plotter support, and all of the options 
involved in good board design-pad con¬ 
figurations and sizes, isolation of ele¬ 
ments, the kinds of vias handled, the size 
and resolution of grids (both manual and 
autorouted), solder mask and silk screen 
capabilities, and so on. 

With circuit speeds soaring, other fac¬ 
tors should be considered. Beyond about 
35 megahertz, standard printed-circuit 
board traces may act like transmission 
lines, and microstrip and stripline designs 
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1. Printed-circuit-board positioning and layout packages* (see footnotes, p. 84) 


1 Package 

Company 

Year first 
available 

Price, US $ 

Platform 

Tango-PCB PLUS 

Accel Technologies 

Inc. 

1988 

$995 

IBM PC/XT/AT, PS/2, and com¬ 
patibles 


Tango-Route PLUS 

Accel Technologies 

Inc. 

1988 

$895 

IBM PC/XT/AT, PS/2, and com¬ 
patibles 


Associate Designer 

Cadam/P-Cad 

1986 

$6200 

IBM 286/386 and compatibles 

1 

Master Designer 

Cadam/P-Cad 

1987 

$15 000 

IBM 286/386 and compatibles 


Premier PCB 

Cadam/P-Cad 

1990 

$20 000 

Sun Sparcstatlon, IBM RISC 
System/6000 


Amadeus/Prance 

Cadence Design Sys¬ 
tems Inc. 

1988 


DECstatlon 2100, 3100, 5000, 
Sun Sparcstatlon 1 + 


HP PCDS 

Hewlett-Packard Co. 

1986 

$14 000- 
$40 000 

HP 9000 workstations 


Board Station 1985 

Mentor Graphics Corp. 

Updated 

1990 

$85 000 

HP/Apollo, Sun 


PCB ii 

OrCAD Systems Corp. 

1990 

$1495 

IBM PC/XT/AT, PS/2, and com¬ 
patibles 


MAXi/PC 

Racal-Redac Inc. 

1988 

$995 

IBM XT/AT/386, PS/2 


CADSTAR Professionai 
1987 

Racal-Redac Inc. 

Updated 

1990 

$4850 

IBM AT/386, PS/2 


BravoS 

Schlumberger CAD/ 
CAM 

1987 

$8500 

DECstatlon, VAXstation 

J 

Vanguard PCB layout 
1986 Licensees 

Teradyne EDA 

1986 

$9500 

Sun 3/4, VAX, PC 286/386, 
and compatibles 


Vanguard Autorouter 
1988 Licensees 

Teradyne EDA 

1988 

$5000 

(PC); 

$12 000 
(workst.) 

Sun 3/4, VAX, PC 286/386, 
and compatibles 


Allegro PCB Design 
System 

Valid Logic Systems 

1987 

$50 000 

Sun, DEC, IBM 


HiWIRE II 

Wintek Corp. 

1990 

$995 

IBM PC/AT, PS/2, Compaq, and 
compatibles 
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may replace standard traces. Trace- 
contributed cross talk, delays, overshoots, 
ringing, and the like may become impor¬ 
tant factors. Because certain paths may be¬ 
come critical to overall performance, they 
must also be identified. Responding to that 
need is a growing host of point tools— 
software that specializes in identifying 
problems caused by transmission-line and 
electromagnetic-coupling effects. 

Some of those tools are listed in the ta¬ 
bles. Many more are available, as are 


countless specialized tools for, say, micro- 
wave and radio frequency (RF) design 
simulation or auxiliary functions. Many 
carry industry-standard interfaces, and so 
can work with a variety of other computer- 
aided design (CAD) and layout software. 

One example of a specialized tool is 
Academy, a framework and graphical in¬ 
terface for microwave and RF simulations 
from EEsof Inc., Westlake Village, Calif. 
Also offered by EEsof is LineCalc, a 
transmission-line analyzer. Another exam¬ 


ple is Pro-Elec, from Applications Devel¬ 
opment in Metairie, La.; it is a CAD draw¬ 
ing environment that contains an extensi /e 
symbol library. Infolytica Corp. of Mon¬ 
treal, offers MagNet, a finite-element anal¬ 
ysis program that specializes in elec¬ 
tromagnetics and electrostatics. 

The tables are a broad-brush listing of 
some of the more salient characteristics of 
commercially available layout and analy¬ 
sis packages. Generally, those packages 
that tap the power of workstations offer 


Performance' (max. board size, 

Operating no. of layers, component count; 

system min. grid spacing) Layout types Libraries Comments 



DOS 

32 X 32 in.; 23 layers; EICs virtually 
unlimited within design, EMS sup¬ 
port; 1-mil grid to signal and power/ 
ground planes 

Through-hole and double-sided SMT; 
both sides fine-line 

Standard through-hole, SMT pat¬ 
terns; graphical new-part creation 

Manual and auto place; design-rule 
check; photoplot file viewer; force 
vectors; DXF; PostScript 


DOS 

to layers; EICs virtually unlimited 
within design, EMS support 

5 grids, 10-25 mils with off-grid 
capability, fine-line 


Single-grid, four-layer aulorouter for 
PCS and PLUS version; multipass ai- 
gorithms; 90- and 45-degree routing; 
PLUS versions: fine-line, 5 grids of 
10-25 mils 


DOS 

60x60in.; 100 layers; 500compo¬ 
nents; 1-mil grid 

SMT, flex circuits, analog, digital, 
hybrid 

6000 parts (HL, CMOS, ECL, dis¬ 
cretes, linear; Intel, Motorola) 

Manual and auto place-and-route; 
maze and rip-and-retry algorithm; 


DOS 

60 X 60 in.; 100 layers; 2500 com¬ 
ponents; 1-mil grid 

SMT, flex circuits, analog, digital, 
hybrid 

6000 parts (HL, CMOS, ECL, dis¬ 
cretes, linear; Intel, Motorola) 

Manual and auto place-and-route; 
maze and rip-and-retry algorithnis 


Unix, AIX 

Unlimited board size; 100 layers 

SMT, flex circuits, analog, digital, 
hybrid 

6000 parts (HL, CMOS, ECL, dis¬ 
cretes, linear; Intel, Motorola) 

Manual and auto place-and-route; 
maze and rip-and-retry algorithms 


Ultrix, 

Sun OS 

64 X 64 in.; 32 layers; no limit 

Multilayer; double-sided SMT; high¬ 
speed logic 

Integrated library with Amadeus tools 
(TTL, ECL, and high-speed logic) 

Warp grid concept combines best of 
gridded router technology with grirt- 
less capability 


HP-UX, 

X-windows 

45 X 45 in.; 128 layers; unlimited 
components, grids, apertures 

SMT, digital, mixed-analog/digital, 
thick-film hybrid 

9000 parts standard; user-specific 
creation 

Interactive operation on either side, 
off-grid routing, auto breakout 
generation 


Domain OS, 
Sun OS 

100 x 100 in.; 255 layers; 32 000 
components 

Double-sided SMT; through-hole, flex 
circuits; analog/ digital, mixed 
hybrids, MCMs, Multiwire panels 

ECL, CMOS, TTL, high-speed logic; 
PLDs, memory, logic automation 
models; over 2500 analog parts 

Full-fledged package integrated with 
other EDA tools; common database 
includes auto-schematics, simula¬ 
tion, manufacturing tools (Sun, etc.) 


DOS, OS/2 

32x32in.; 16 layers; 270 EICs; 1- 
mil grid 

Double-sided SMT; analog/digital 

300 modules 

Interactive manual autorouting on 
grids of 5,10, 20, 25, 50,100 mils 
(manual down to 1 mil) 


DOS 

32 X 32 in,; 16 signal layers; 250 
EICs, 1023 components; 1-mil grid 

Double-sided SMT; analog/digital 

1200 parts standard, 20 000 parts 
optional from Sedco libraries 

Entry-level package; 5500 signal 
connections 


DOS 

32 X 32 In.; 16 signal layers; 600 
EICs, 1023 components; 1-mil grid 

Double-sided SMT, burled and blind 
Vlas; analog/digital 

1200 parts standard, 20 000 parts 
optional from Sedco Jedec/IEEE 
libraries 

Midrange package, advanced posi¬ 
tioning and layout, advanced au¬ 
torouter, 650-5400 connections 


VMS, Ultrix 
X-windows 

No limitations on board size, layers, 
grid 

Double-sided SMT 

300 components arranged by pack¬ 
age type 

Interactive or automatic elec¬ 
tromechanical integration; 3-D soli i 
modeling, wireframes 


Sun OS, 
VMS, DOS 

32 X 32 in.; 256 layers (any use); 
1800 (PC) and 5000 (workstation) 
components; 1-mil grid 

Through-hole, double-sided SMT, 
burled and blind vlas, fine-line 

130 footprints used with 5000 
schematic symbols 

Full multiwindow schematic integra¬ 
tion, autoplace, DRC, Gerber, Ex- 
cellon 


Sun OS, 
VMS, DOS 

32 X 32 in.; 30 layers; 1-mil grid 

Through-hole, double-sided SMT, 
buried and blind vias, fine-line 

130 footprints used with 5000 
schematic symbols 

Simultaneous routing any repeating 
pattern grid; fast 100% rip-up-ani'- 
retry routing; nonstandard devices 
and grids; state-of-the-art routing on 

PC and workstation 


Unix, AIX, 
VMS, Ultrix 

48 layers; unlimited components 

SMT, MCMs, hybrids, high-speed, 
mixed ECL/TTL 

7000 components 

Auto placement, test preparation, 
routing, in-process electrical analy¬ 
sis, postprocessing, third-party data¬ 
base translators 


DOS 

60 x60 in.; 255 layers; 200 EICs; 
1-mil grid 

Through-hole; SMT 

2500 components, users customize 
own components; ECL, microstrip, 
others 

EICs In 640K, supports LIM and 
XMS memory; optional autorouters; 
100% completion, gridless, rip-up- 
and-reroute on all layers 
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commensurately more layout power: larger 
boards, more connections and compo¬ 
nents, speedier layout, and more features. 
But PC-based tools are becoming more 
facile; the edges are blurring as it becomes 
harder to distinguish between high-end 
personal computers and low-end work¬ 
stations. 

As with any complex product, measure¬ 
ment of performance usually is not so sim¬ 
ple as specifying a figure, or figures, of 
merit. layout speed is especially hard to 
pin down. That number—somewhat 
analogous to that derived with computer 
benchmarks—depends greatly on the con¬ 
ditions selected for the “run.” Neverthe¬ 
less, most circuit board software lists limi¬ 
tations in board size, components and 
connections, number of layers, and so on. 
In the end, the actual application will dic¬ 
tate a specification’s significance. 

Many, if not most, of the available pack¬ 
ages are not meant to be stand-alone tools, 
but work in conjunction with other major 
computer-aided engineering (CAE) 
tools—schematic capture and simulation 
software, for example. Consequently, some 
packages come with those capabilities at¬ 
tached, others offer them as options, and 
still others are integrated into a complete 
CAE environment, including the worksta¬ 
tion. In most cases, however, some kind of 
electrical and design-rule checking is stan¬ 
dard fare. ♦ 


2. Printed-circuit-board analysis packages* 


Package 

Company 

Year first 
available 

Price, USS 

Platform 


XTK Crosstalk toolkit 

Quad Design Tech¬ 
nology Inc. 

1989 

$17 000- 
$62 000 

Sun, HP/Apollo, DEC, MIPS, 
IBM, Convex 


Greenfield 

Quantic Laboratories 
Inc. 

1983 

$9600- 
$50 000 

Sun, HP/Apollo, Intergraph, 
DECstation, MIPs 


BoardScan 

Quantic Laboratories 
Inc. 

1990 

$9500- 
$14 000 

Sun, HP/Apollo, Intergraph, 
DECstation 


Swiftllne 

Swiftlogic Inc. 

1990 

$12 500 

Mentor Graphics, HP/Apollo 


Swiftnoise 

Swiftlogic Inc. 

1988 

$12 500 

Mentor Graphics, HP/Apollo 

1 

Allegro Signal Noise 
Analysis 

Valid Logic Systems 

1989 

$15 000 

Sun, DEC, IBM 



1 11n. = 1 inch = 25.4 millimeters; 1 mil = 25.4 micrometers 

2 Output reports can be sorted by reflections, cross talk, thermal shift, noise margin, or all violations. In an on-line mode, re-analyzes the effects of 
a change to the database model and presents them as millivolts of noise VKithin the circuit. 

•Abbreviations are spelled out in “Defining terms.” p. 48. 


CASE TEST TOOLS 

Let Software Research test tools fulfill your software testing needs. 

CAPBAK/X 

We're announcing our new Session Capture and Playback System for the Xwindows 
environment CAPBAK/X captures entire sessions, including keystroke and mouse movements, 
whole or partial screens, and features faithful time replay and adjustable replay rates. 


Coverage Analysis Tools 


■ TCAT - Test Coverage Analysis 

■ S - TCAT - System Test Coverage Analysis 

■ TCAT - PATH - Path Test Coverage Analysis 

■ T - SCOPE - Test Data Observation and Analysis 

Regression Test Tools 


■ CAPBAK - Keystroke Capture and Playback 

■ SMARTS - Software Maintenance and 

Regression Test System 

■ EXDIFF - Expert File Difference System 

■ M -Test - Multiple Test System 


Our test tools operate on major platforms: 

MS-DOS, OS-2, AIX, UNIX, XENIX, 

MAC ll-MPW, VMX, MVS, IBM RS/6000, 
SUN/Sparc, DEC, HP workstation 
environments, Xwindows Xll. 



Software Research, Inc. 

625 Third Street 
Son Francisco, CA 94107-1997 
Phone: (415) 957-1441 or (800) 942-SOFT 
Fax: (415) 957-0730 
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Operating system j 


Analysis method 


Results display 


Libraries 


Comments 



Unix, Aegis, DOS 

Conformal-mapped/ finite-element 
field solution; direct solution 
Eigenmate propagation 

Waveforms and delays, cross talk 
and signal quality reports 

Fast models for nL,CMCS, ECL; 
models for some RAM, ROM, 
micro-processors 

Includes transmission-line calcu¬ 
lator, other tools 


Sun OS, Aegis/Domain 
OS, HP-UX, CLIX, 
Ultrix, Unicos 

Boundary-element, modal, sparse- 
matrix analyses simulate complex 
networks, transmission lines 

Tables, waveforms, skin effect vs. 
frequency, cross talk, ringing, 
trace-parameter effects 

Transistor-based drivers and 
receivers for ALS and FAST tech¬ 
nologies, Spice compatible 

Simulates effects of board 
parameters and backplane inter¬ 
faces; inferfaces include Inter¬ 
graph, Mentor Graphics, Valid 
Logic, Racal-Redac 


Sun OS, Aegis/Domain 
OS, HP-UX, CLIX, 
Ultrix 

Boundary-element field solver au¬ 
tomatically determines trace elec¬ 
tromagnetic coupling; cross- 
section comparison 

Results reported as component, 
pin listing, net lengths, worst- 
case cross talk, etc. 

Behavioral drivers and receivers; 
models for CMOS, BiCMOS, ECL, 
TTL 

Full screening tool that deter¬ 
mines critical nets for cross-talk 
transmission-line problems; au¬ 
tomatic determination of critical 
nets; layout interfaces 


Unix, Aegis/Domain 

OS 

Boundary-element analysis to de¬ 
termine electromagnetic coupling 

Tables and graphics; interactive 
operation lets user track and dis¬ 
play signal distortion 

Model libraries for CMOS, TTL, 
ECL, AC 

Interacts with Mentor's Board 
Station; prerouting analysis; 
back annotation to critical-path 
analyzer 


Unix, Aegis/Domain 
OS 

Board cross-talk analyzer per¬ 
forms full electrical analyses of 
components, track, and board 
characteristics (propagation de¬ 
lays, track impedance, termina¬ 
tions in conjunction with parallel 
and adjacent routing) 

Cross-talk analysis on high¬ 
speed boards employing 
user-customized technology 
rules 


All design data automatically ex¬ 
tracted from layouf 


Unix, VMS, Ultrix, AIX 

Interactive or batch analysis of 
mixed-technology boards, 
MCMs, hybrids 

Reflection, crosstalk, thermal 
noise, ohmic loss 

7000 components 

See footnote 2 



SigmaPlot™ 4.0. 

The world's finest PC software for th/produc- 
tion of publication-quality scientific'charts and 
graphs...on your own IBM® or conjijatible 
personal computer. 

Used by over 20,000 scientists 

SigmaPlot is the software of choice worldwide 
for creating graphics for scientific papers and 
poster sessions. It was selected “Editor’s Choice” 
by PC Magazine for its outstanding output. And 
INFOWOPLD recently called Version 4.0 “the 
best graphics package for the complex technical 
graphs wanted by most scientists and engineers.” 


Designed by scientists for scientists. 

• Easy-to-use pull-down menu interface 

• Direct data input from Lotus 123® and ASCII files 

• Automatic error-bars, confidence intervals and 
quality-control lines 

• Wide range of specialized scales and graphs 

• Outstanding page layout control 

• Sophisticated non-linear curve fitting 

• Full mathematical transform language 

• Huge data worksheet 

• Export graphs info WordPerfect® 5.0, 

Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

• Extremely high-quality output 

Circle No. 222 


Affordable and fully supported. 

Sigmaflot 4,0 is well within reach of any 
research facility. And, like all Jandel products, 
SigmaPlot 4.0 comes with a money-back 
guarantee and the full technical support of 
Jandel’s experts. Call today for a FREE brochure: 
1-800-874-1888 (inside CA 415-924-8640). 


I FAX: 415-924-28M* TELEX: 4931977 
In Eurape:RIA Handels GmbH 
Grosser Muhlenwegl4A, 4044 Kaarst 2, FRG 
Phone: 2101/666268 • PAX: 2101/64321 
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FOCUS REPORT: ENGINEERING SOFTWARE 


Displaying processed data 

Through the use of data acquisition software, engineers are able to capture, analyze view, 
and assimilate more data on product performance—no wonder these tools are booming 



The more profoundly 
scientists and engineers 
investigate natural 
phenomena, the greater 
their dependence on 
data acquisition equip¬ 
ment. The greater the 
emphasis on process and 
quality control, the 
more urgent the need for data collection 
and manipulation tools. In short, data ac¬ 
quisition has become a big business. 

As that business has spread, so have the 
diversity and breadth of commensurate 
hardware and software. Engineers no 
longer must develop their own equipment 
or write their own software. An array of 
commercial hardware provides every con¬ 
ceivable function—from preconditioning 
and analog-to-digital conversion, to en¬ 
coding, signal processing, and returning to 
the analog world. With the rise of personal 
computers, much of the hardware takes the 
form of plug-in boards for the venerable 
IBM PC family or the Apple Macintosh. 
An equally dazzling array of commercial 
software running on those machines 
stands ready to help. 

Many available software packages not 
only control the myriad of analog and dig¬ 
ital input-output (I/O) boards, but also 
process, analyze, and display the incom¬ 
ing data in almost any conceivable form. 
Other packages specialize in just the anal¬ 
ysis or display segment, or both, leaving 
the capturing process to sister software. 

Data acquisition software has come far. 
In the process, much of the emphasis has 
been on isolating engineers from the tedi¬ 
ous, line-by-line programming effort tradi¬ 
tionally needed to produce application 
software. Contemporary commercial soft¬ 
ware has performed much of that work, 
putting the results into objects icons that 
an engineer simply interconnects on¬ 
screen, using a mouse or a keyboard. Other 
software offers menus for building appli¬ 
cation programs or provides high-level lan¬ 
guage bases, like C, from which to con¬ 
struct the desired program. 

Included within the objects or menus 
are software drivers for himdreds of instru¬ 
ments and I/O boards, both analog and 
digital. Thus engineers need not learn the 
particular programming commands for all 
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the possible hardware elements within a 
given measuring system. In some cases, 
looking at the computer screen is about the 
same as looking at the front panels (if there 


are any) of the equipment; changing func¬ 
tions and ranges on-screen is about the 
same as doing it in situ on the actual hard¬ 
ware. This approach to controlling instru- 


1. Representative packages for data capture and control 


Platforms I Operating system I 


Data Translation 


Signal Technol¬ 
ogy Inc. 


1987 

(updated 

1990) 


1984 

(updated 


$995 (optional 
FFT module: 
$595) 


$1000- 
$15 000 


IBM PC/XT/AT/ 
386, PS/2, and 
compatibles 


IBM PC/XT/AT/ 
386, PS/2, and 
compatibles 


IBM PC family. 


Mac 


, DEC, 


Sun, HP/Apollo, 
IBM, ModComp, 
Concurrent, Tek¬ 
tronix, Texas 
Microsystems, 
Interactive Sys¬ 
tems, Venturco 


Macintosh family 


DEC (VAX, RISC); 
Sun 3, 4 


DOS (Windows 
3.0 required) 
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ments, however, has its drawbacks. It is 
limited to one instrument at a time, and 
maximum speeds may not be achieved. 
Those needing maximum throughput may 
elect to program “at the command linej’ 
using C or some other high-level language, 
or even in an assembly language. 

The acquisition packages shown in the 
following tables outline some of those 
capabilities. The listings are not compre¬ 
hensive; they are meant to be only a 
representative sprinkling of the hundreds 
of commercial packages available today. 
The table is broken into three categories: 
front-end software for data capture and 
control, which may or may not include 
analysis and display features; software that 


specializes in analysis and display, accept¬ 
ing files from front-end software or other 
computer programs such as spreadsheets; 
and software that excels in displaying 
results in every conceivable fashion. 

Many of the packages work on the fly, 
analyzing and displaying information as 
it comes in. Others store the information 
in RAM or on a disk, performing a post¬ 
analysis later. Some do both. Differences 
in analytical functions appear to depend 
on the variety and depth of data manipu¬ 
lation. Most commercial software begins 
analysis with a fast Fourier transform 
(FFT). After that, it is a question of the 
kind of statistical, numerical, filtering, or 
other function brought to bear. Some ap¬ 


plications, like speech or audio processing, 
call for their own analysis and display 
methods, perhaps relying on digital signal 
processing. 

Display capabilities are as varied as 
those for analysis. However, as software 
begins to specialize, it also begins to ex¬ 
pand its math and display prowess. 

As for performance, that depends a 
great deal upon hardware configuration as 
well as on a software package’s time- 
critical elements. Hardware includes not 
just the I/O boards or instruments under 
control, but also the architecture of the 
host computer. Thus actual data rates can 
be a function of disk throughput, for ex¬ 
ample, or RAM speed, or bus speed. Speed 


Data rates 

Acquisition method 
and interface 

Analysis functions 

Display functions 

Export file formats 

Comments 

250-kHz 
throughput to 
and from disk 

Menu-driven control of 

A/D board, counter-timer 
functions 

Statistics, FFT, inverse 
FFT, auto/cross spectrum, 
windowing, transfer func¬ 
tions, filters, arithmetic 
operations, signal editing, 
curve fitting and interpola¬ 
tion, trig functions 

Displays data as acquired 

ASCII, binary, spread¬ 
sheets; also signed or un¬ 
signed word, byte, or long 
formats; 16-bit floating¬ 
point or 32-bit real formats 

Gap-free hard-disk data 
transfer at maximum board 
throughput 

1 MHz 

Menu-driven, user-defined 
modules support DSP and 
other board functions; var¬ 
ious hardware boards sup¬ 
ported 

FFT, FIR, and HR filters; 
difference equations; signal 
editing; arithmetic, calcu¬ 
lus, and trig functions; win¬ 
dowing, transfer function 

Time and frequency do¬ 
main, 2-D and 3-D spectro¬ 
graphs, arbitrary filter edi¬ 
tor, unwrapped phase, 
pole-zero 

ASCII, binary 

Digital signal processing 
for DSP development and 
real-time continuous (gap- 
free) acquisition to disk 

Hardware 

restricted 

Programmable control of 
I/O, A/D, D/A boards, 
IEEE 488, and RS-232 

FFTs, smoothing, convolu¬ 
tions, windows, calculus, 
curve fitting, statistics, 
histograms, matrices, 
filtering, peak detection, 
trig functions 

Real-time display, x-y, con¬ 
tour, pie, bar, log linear, 
polar, axonometric, user 
windows, symbol, line 
types, labels, user-cus¬ 
tomizable 

ASCII, binary, Lotus 1-2-3, 
PCX, HPGL,Asyst Data File 
format 

Users assemble system 
from four modules; other 
software packages: Asys- 
tantGPIB controls IEEE 488 
instruments with menu- 
driven analysis and graphics 

Hardware 

restricted 

Menu-driven control or 
ICONview graphical overlay 
controls, instruments,mod¬ 
ules, and boards 

Real-time analysis, curve 
fitting, FFT post-analysis 

fvs.y,xvs.y, vertical and 
horizontal bars, digital 
meters 

ASCII, binary, spreadsheet 

Real-time process control 
and display 

1 Msample/s 

Icons control IEEE 488, 
RS-232, and VXI instru¬ 
ments and plug-in A/D, 

D/A and I/O boards 

Real-time analysis, statis¬ 
tics, DSP filters, numerical 
analysis 

Linear, log, bar, histo¬ 
grams, multiplot scatter 
plots, stripcharts, user- 
customizable 

ASCII, binary, spreadsheet 

Software modules repre¬ 
sent virtual instruments 
with front-panel interface 
and block-diagram graphi¬ 
cal programming 

Hardware 

restricted 

Menu-driven and program¬ 
mable, compiled object- 
oriented graphical lan¬ 
guage controls A/ D, I/O, 
RS-232 and IEEE 488 in¬ 
struments, and DSP 
hardware 

FFT, linear and nonlinear 
curve fitting, Kurtosis, 
Gaussian, Chi-square, 
filtering, matrices, arith¬ 
metic functions, histo¬ 
grams, other statistics 

Linear, log, polar, 3-D ax¬ 
onometric, mesh, bars, 
histograms, pie charts, 
windows, viewports 

ASCII, binary, Lotus 1-2-3 

Supports popular data- 
acquisition hardware 

Hardware 

restricted 

Menu or command control, 
multichannel, A/D, D/A, 
IEEE 488 

Complex math, speech, 
spectral analysis, digital 
filtering, matrix decision 
support 

Real-time, 2-D and 3-D 
image, X-windows, Motif 

ASCII, binary, ILS, user- 
defined 

Object-oriented, Lisp com¬ 
mands, menus, run-time- 
add user routines 

40 kHz/channel 

Menu-driven capture of 
two-channel audio signals 

FFT, linear predictive 
coding 

Multiwindow spectro¬ 
graphs, slices, frequency 
contours, time waveforms, 
energy calculations 

ASCII, binary, output to 
laser, inkjet printers 

Audio-signal-processing 
analysis package 

Hardware 

restricted 

Mouse-driven icons con¬ 
figure A/D, I/O boards and 
instruments 

Statistics, trig functions, 
calculus, scaling 

Statistics, trig, arithmetic, 
calculus, scaling 

ASCII 

Intuitive environment inter¬ 
connects Icons to program 
and measure 
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Some data acquisition software packages 
are reaiiy high-levei programming ian- 
guages that integrate acquisition, controi, 
anaiysis, and dispiay. Thus the acquired 
signai can be dispiayed in compiex forms. 



A contour plot would be difficult to gener¬ 
ate if the user had to describe how raw 
data had to be handled for display. The 
above plot, however, was created with a 
single command: AXON.PLOT. 


of analysis is another matter. Rarely men¬ 
tioned on data sheets, analysis speed also 
depends upon a number of factors, such 
as the kinds of algorithms used, whether 
a math coprocessor is supported, and how 
many data points are included. 

Many packages used in data acquisition 
are intended for specialized applications 
and therefore are not listed. 

Finally, there are dozens of commercial 
mathematics and graphics, and plotting 
programs that can find application in 
acquisition. For example, one menu-driven 
symbolic math system—Derive, from Soft 
Warehouse in Honolulu, Hawaii—literally 
puts the bulk of mathematical know¬ 
ledge—from arithmetic to vectors to 
differential equations—on a floppy disk. 
TVvo other popular math packages are 
Mathematica from Wolfram Research Inc. 
in Champaign, Ill., and MathCAD from 
MathSoftInc., Cambridge, Mass. The 
Macintosh, with its generic propensity for 
displaying artwork, continues to attract a 
bevy of plotting tools. Among the newest 
are CA-Cricket Graph from Computer As¬ 
sociates International Inc., Malvern, Pa.; 
KaleidaGraph from Synergy Software, 
Reading, Pa.; and Delta Graph from Del- 
taPoint Inc., Monterey, Calif. ♦ 


2. Representative packages for data analysis and display 


Package 

Company 

Year first 
available 

Price, US $ 

Platform 

Operating system 


Tech 'Graph* 

Pad 

Binary En¬ 
gineering 

1987 

$395 

IBM PC and 
compatibles 

DOS 


Tekcalc 

BV Engineering 

1986 

$150 

IBM PC family 

DOS 


DSPlay XL 

Burr-Brown 

Corp. 

1988 

(updated 

1990) 

$1495 

IBM PC and 
compatibles 

DOS 


Dadisp 

DSP Develop¬ 
ment Corp. 

1986 

(updated 

1989) 

$895- 

$6995 

IBM PC, PS/2; 
HP, Sun, DEC, 
IBM workstations 

DOS 


Hypersignal-Plus 

Hyperception 

Inc. 

1985 

$489 

IBM PC/XT/AT/ 
386 and com¬ 
patibles 

DOS 


SigmaPlot 

Jandel Scientific 

1985 

(updated 

regularly) 

$495 

IBM PC/XT/AT, 
PS/ 2 and com¬ 
patibles 

DOS 


Matlab 

The Mathworks 
Inc. 

1985 

$695(PC), 

$795(Mac) 

PC/386, Mac, 
Sun, HP, HP/ 
Apollo, VAX, 
DECstation, 
others 

DOS, Mac OS, 
VMS, Unix, Do¬ 
main, others 

t 

TempleGraph 

Academic/ 

Government 

Mihalisin As¬ 
sociates 

1987 

$990- 

$1290 

Sun, Solbourne 

Unix, Sun OS 


Interactive 

Signal Technol¬ 

1979 

$1000- 

DEC, Sun, 

DOS, VMS, 


Laboratory 

System (ILS) 

ogy Inc. 

(updated 

regularly) 

$15 000 

Apollo, HP, 
Concurrent, PC 

Ultrix, Unix 


Speakeasy 

Speakeasy 

Computing 

Corp. 

1965 

(updated 

regularly) 

$2000- 

$5000/ 

year 

IBM 6000, RT, 
PS/2; Sun 3, 

4; DECstation 

AIX, Sun OS, 
VMS, Ultrix 


EasyPlot 

Academic/ 

Government 

Spiral Software 

1988 

$269- 

$349 

IBM PC/XT/AT, 
PS/2, and 
compatibles 

DOS 


CSS/3 :Statistica 

StatSoft Inc. 

1990 

$795 

IBM PC/XT/AT, 
PS/2, and 
compatibles 

DOS 


Graftool, 3.0 

3-D Visions Inc 


$495 

IBM PC/XT/AT, 
PS/2, and 
compatibles 

DOS 


Axum Academic/ 
Government 

TriMetrix Inc. 

1989 

$495 

IBM PC/XT/AT, 
PS/2, and 
compatibles 

DOS 



3. Representative packages specializing in display 


Package 

Company 

Year first 
available 

Price, US S 

Platform 

Operating system 


GrafMaker 

BV Engineering 

1990 

$195 

IBM PC family 

DOS 


NDP Plot 

MicroWay Inc. 

1988 

$325 

PC 386/486 with 
Intel or Weitek 
coprocessor 

DOS 


TempleGo 

Mihalisin As¬ 
sociates 

1989 

$495 

Sun, Solbourne 

Unix, Sun OS 
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Analysis capabilities 

Display capabilities 

Graphics compatibility 

Import/export file formats 

Comments 


Curve fitting, data-snnoothing, 
probability analysis, and more 

Linear, log/log, linear/log, prob¬ 
ability, histogram, and polar plots; 
error bars, descending scales, 
multiple axes, symbols, labels 

CGA, EGA, VGA, 
Hercules 

Imports: ASCII, binary, Lotus and 
Symphony spreadsheet files, 
(.WKS, .WK1, .WR1) 

Exports: PostScript, HPGL, .PIC 

Built-in “spreadsheet browse 
mode”; with Auto*TGP, directly 
integrates T*G*P graphics capa¬ 
bilities into user's application 


Statistics, curve fitting, standard 
deviation, linear regression 

Parametric graphing of user- 
entered functions, line graphs of 
functions of disk-data 

CGA 

ASCII, 512 points maximum 

None 


Any DSP algorithm definable from 
100+ function library, including 
FFT, FIR, HR; custom functions 

x-y, polar, waterfall, spectro¬ 
graphs, landscape 

EGA, VGA 

ASCII, binary 

Works with DSP board; code 
generated can be executed in any 
DSP32/32C application 


Over 200 processing functions: 
FFT, complex math, peaks, signal 
editing, calculus, others 

x-y, tabular, waterfall, graphical 
series in overlapping or tiled 
windows 

CGA, EGA, VGA, 
Hercules 

ASCII, binary, Lotus PRN 

Windowed, menu-driven spread¬ 
sheet, user-customizable macro 
facility 


FFT, FIR, and HR filters; difference 
equations, complete statistical pro¬ 
cessing 

Time and frequency domain, 2-D 
and 3-D spectrographs 

CGA, EGA, VGA, Her¬ 
cules, SuperVGA 

ASCII, binary 

Subset of Hypersignal workstation 


Descriptive statistics, t-tests, error 
bars, data manipulation, trans¬ 
forms, curve fitting (nonlinear, lin¬ 
ear, and others) 

Scatter and box plots, line, bar, 
stacked bar, histograms, pie 
charts, quality-control graphs 

CGA, EGA, VGA, 
Hercules 

Imports: DIF, ASCII, Lotus (.WKS, 
.WK1) 

Exports: ASCII, DIF, HPGL, 
SCODL, LL, PostScript, Metafiles 

Math symbols, Greek letters, su¬ 
perscripts, subscripts, grid 


Matrix computation, signal pro¬ 
cessing, filtering, FFTs, equation 
solving, statistics, curve fitting, 
application Toolboxes 

2-D linear, log, bar, log-log, semi¬ 
log, polar, 3-D mesh, contour 

CGA, EGA, VGA, Her¬ 
cules, X-windows, 
SunView graphics 
terminals 

Imports: ASCII 

Exports: HPGL, PostScript 

Interactive and programmable 


Statistics, calculus, curve fitting, 
vector math, smoothing, transfor¬ 
mations 

Line/scatter plots, bars with error 
bar, spline, legend and log axes, 
text charts 

Sun, Solbourne mo¬ 
nitors 

Imports: ASCII 

Exports: PostScript 

Math symbols: integrals, partial 
derivatives, gradient, divergence, 
Greek letters 


Spectral analysis, statistics, digi¬ 
tal filtering, speech processing, 
pattern analysis 

Scatter plots, bars, bit-mapping, 
half-tone, 2-D and 3-D displays, 
windows, overlapped displays 

EGA, VGA, SunView, 
Apollo, GMR, DEC 
WS/Regis, Color 

ASCII, binary 

PostScript, ASCII, symbol set, 
customizable menus 


Full numerical and statistical anal¬ 
ysis, linear and quadratic program¬ 
ming, differential equations 

Bit maps, pie and bar charts, tower 
charts, contour, 2-D and 3-D 
graphics 

Tektronix, DEC WS/ 
Regis, X-windows, 
SunView 

Imports/exports: ASCII, Fortran 
Exports: HPLaserjet, HPGL, Post¬ 
script 

User-extendable, interactive and 
programmable 


Statistics, nonlinear curve fitting, 
cubic spline, FFT, calculus, 
smoothing 

Linear, semilog, log-log, polar, 
contours, 3-D, x-y 

EGA, VGA, Hercules 

Imports: ASCII, spreadsheet 
Exports: PostScript, HP Laserjet 
and DeskJet, dot matrix 

Greek and math symbols, super¬ 
scripts, subscripts; unlimited 
points, curves, graphs, pages 


Fourier decomposition, full sta¬ 
tistics 

Lines, bars, step, area, box, scat¬ 
ter, 3-D, contour, surface plots, 
others 

EGA, VGA, AT&T, Her¬ 
cules 8514/A 

Imports/exports: ASCII, Lotus, 
Excel, DIF, SYLK; Exports: HPGL, 
CGM, PostScript 

Supports all IBM extended graph¬ 
ics characters 


On-screen formula-solver, statis¬ 
tics, curve fitting, 2-D and 3-D 
contouring, FFT, others 

2-D and 3-D scatter plots, polar 
plots, multiple axes, log and prob¬ 
ability, 3-D surfaces, others 

CGA, EGA, VGA, 
Hercules 

Imports: ASCII, Lotus, Excel, 
others 

Exports: Lotus, Word, others 

Mouse support, 256 million points, 
intelligent data cursor, spread¬ 
sheet, color contours 


Statistics, Anova, correlation, 
regression, curve fitting, data 
smoothing 

2-D and 3-D line, 3-D mesh, 
spline, scatter, 2-D and 3-D bar, 
pie, polar. Smith charts, others 

CGA, EGA, VGA, Her¬ 
cules, others 

Imports: ASCII, Lotus, dBase 
Exports: Lotus, .PIC, HPGL, GEM, 
PostScript, Tektronix 

Supports 21 fonts, super- and 
subscripts, interactive graph, and 
100 functions 



1 Analysis capabilities 

Display capabilities 

Graphics compatibility 

Import/export file formats 

Comments 


Integral, differential, math oper¬ 
ations on datafiles, + -*/or ex¬ 
ponentiate by constant, + -*/by 
a file 

Bar, stacked bar, stock and polar 
charts, error bars, line graphs, 
two X and two y axes indepen¬ 
dently linear or log 

CGA, EGA, VGA, 
Hercules 

Imports: ASCII 

Exports: HPGL, DM/PL, SPGL, 
RDGL, and more 

Over 30 plotters supported; print¬ 
er output to Epson dot matrix or 
Laserjet printers 


Curve fitting (producing an axis 
line or a smooth curved line 
through a series of scaled or un¬ 
sealed data points) 

3-D graphics functions for con¬ 
touring, elevation plotting with 
hidden-line removal, 3-D object 
viewing and rotation; can gener¬ 
ate 2-Dor 3-D plots; source-code 
compatible with mainframe Cel- 
comp calls 

CGA, EGA, VGA, and 
monochrome plotters 
and printers 


None. 


N.A. 

Line/scatter plots, bars with error 
bar, spline, legend and log axes, 
text charts 

Sun, Solbourne mo¬ 
nitors 

Imports: ASCII 

Exports: PostScript 

Math symbols: integrals, partial 
derivative, derivative, gradient, 
devergences, Greek letters 





































FOCUS REPORT: ENGINEERING SOFTWARE 


User-friendly CAE 

To make it easier for engineers and managers to productively use CAE tools, industry is 
trying to devise a common framework of interface and management software 


Within the last two 
years, users and de- 
H velopers of computer- 
aided engineering (CAE) 
software have begun to 
explore ways of using it 
better. The packages dis¬ 
cussed in the preeeding sections of this 
guide automate a wide range of engineer¬ 
ing tasks. However, it is often difficult for 
engineers who are used to one brand of 
tool to beeome accustomed to a different 
tool. For managers, keeping track of the 
status of a project—how much has been 
completed, who worked on what version 
of a design, which released version of a 
tool was used, and so forth—can be a 
monumental task. 

For example, suppose a designer creates 
a schematic of a board and then wants to 
run a simulation. He or she will work more 
efficiently if that simulator’s interface 
resembles that of familiar tools. For in¬ 
stance, it should be possible to activate the 
tool in the same way as other tools, tool 
functions should appear in the same place 
on the screen as for other tools, and simi¬ 
lar functions (such as delete) should be 
called into action in the same way. 

Once the simulation is suecessful, the 
design would pass to another engineer who 
would use different software to lay out the 
board with real components. Ideally, the 
two engineers should be able to swap in¬ 
formation back and forth in electronic 
form, the layout engineer using the design¬ 
er’s information as direet input to the lay¬ 
out software and passing the laid-out de¬ 
sign back to the designer to double-check 
its operation by re-simulating it. 

In reality, though, this is often difficult. 
The same tools may have slightly differ¬ 
ent interfaces in versions for different 
operating systems and different com¬ 
puters, and similar tools may implement 
the same function in different ways. The 
data formats used by two engineers may 
differ and so require translation. The data 
required to perform one task may be miss¬ 
ing from the data required by another and 
need to be added manually. The two soft¬ 
ware packages may keep track of data 
differently, so that two databases have to 
be maintained and updated uniformly. 
When multiple software packages and en- 
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gineers are involved, logistieal nightmares 
are likely and can slow down development 
drastically. 

Levels of standards 

The more CAE packages there are, the 
more users experience these problems, and 
the CAE industry is developing practical 
ways of solving them. For instance, to ex¬ 
press such information as package dimen¬ 
sions and pin eallouts in a standard fash¬ 
ion, EDIF was created [p.68]. And so that 
engineers may describe funetional aspects 
of a system in the same way, high-level 
hardware-description languages such as 
VHDL and Verilog HDL have been de¬ 
veloped. 

Now, to provide a consistent interface 
and to help manage and control the flow 
of data, they are taking an approach called 
an open framework. An open framework 
is to CAE software what a standard baek- 
plane is to hardware; it specifies how data 
will get from one point to another. More 
concretely, a framework is a set of specifi¬ 
cations that describe how users will locate 
and use a CAE software package, and 
what tools will be a standard part of an 
easy-to-manage environment. Some see it, 
in fact, as an environment that is layered 
on top of a general-purpose operating sys¬ 
tem, such as Unix. 

Two years ago, users and suppliers 
formed the Computer Framework Initia¬ 
tive consortium to create standards so that 
software packages from different vendors 
work together; last June at the Design Au¬ 
tomation Conference in Orlando, Fla., the 
consortium demonstrated a prototype en¬ 
vironment in which different software 
packages shared information. In the con¬ 
sortium’s language, a “producer” package 
generated information that is passed to a 
“consumer” package, which can use the in¬ 
formation directly to perform its tasks. 

These packages are able to transfer in¬ 
formation because they have been adapt¬ 
ed to work with the CFI procedural inter¬ 
face (PI). The producer and consumer 
tools are able to write and read (respective¬ 
ly) netlists in the format defined by the PI 
and so the interface is able to move infor¬ 
mation between them. 

CFI’s PI was developed in eight months 
by its Design Representation Technical 
Subcommittee and tested a month before 
it was shown for the first time in June. The 


demonstration used software running on 
platforms from Hewlett-Packard, Digital 
Equipment, IBM, and Sun Microsystems, 
thus demonstrating the framework’s hard¬ 
ware independence. 

Among the software suppliers par¬ 
ticipating in the demonstration were AT&T 
Bell Laboratories, Cadence Design Sys¬ 
tems, Computervision, DataXpress, Gen- 
Rad, Hewlett-Packard, IBM, Microelec¬ 
tronics and Computer Technology Corp. 
(MCC), Mentor Graphics, NCR Micro¬ 
electronics, Objectivity, Ontologic, Racal- 
Redac, Siemens, University of 
California—Berkeley, Valid Logic, 
Viewlogic Systems, VLSI Technology, and 
Zycad. With this range of participation, 
it is likely that the standard will have a 
great deal of support when it is released. 

Formal publication of the PI guideline 
is scheduled to take place this month. But 
standardization work will continue, as 
other CFI subcommittees work on design 
data management, design methodology, 
intertool communication, design repre¬ 
sentation, systems environments, and the 
overall framework architecture. These sub¬ 
committees are also working with other 
standards organizations, among them the 
IEEE and the International Standards 
Organization (ISO), to influence the direc¬ 
tion of work already under way. 

At the same time, suppliers are begin¬ 
ning to work together to create their own 
frameworks and make them commercial¬ 
ly available. In the following tables, three 
recent commercial examples are listed: the 
Falcon Framework created by Mentor 
Graphics Ina of Beaverton, Ore. [Tkble 1]; 
PowerFrame, a joint venture of Digital 
Equipment Corp. of Maynard, Mass., and 
Cadence Design Systems of Lowell, Mass. 
[Table 2]; and Design Framework II devel¬ 
oped by Cadence alone [Thble 3]. The ta¬ 
bles present a sampling of software tools 
from vendors who are not the major spon¬ 
sors. (It should be understood that the 
framework sponsors themselves supply 
tools that work within the framework.) 
Further, many of the vendors listed sup¬ 
ply more than one tool that works under 
the framework; space limitations prevent 
listing all the tools. 

Under its “Open Door” program. Men¬ 
tor invited other suppliers of CAE tools 
to work with it to make their products 
compatible with Mentor’s Falcon Frame- 
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work. This framework was originally 
created by Mentor so that its own tools 
would work together; now the company is 
sharing its data formats and requirements 
(called EDDF for Engineering Design 
Data Format) with other vendors, so that 
they can link in. Because data formats are 
specified, the software packages become 
closely coupled. This framework current¬ 
ly covers applications that run on HP/ 
Apollo and Sun Microsystems worksta¬ 
tions that are supported by Mentor. 

The Digital/Cadence PowerFrame 
differs from Falcon in that it is a loosely 
coupled set of tools. The two companies 
were founding members of the Computer 


Framework Initiative and have been work¬ 
ing closely with the group to ensure that 
their framework will be compatible with 
its specifications, once they are formalized. 
Rather than change tools to meet new re¬ 
quirements, existing tools are “encapsulat¬ 
ed” in a software shell that lets them com¬ 
municate with other tools. 

PowerFrame, which is referred to as a 
management framework, allows different 
workstations and computers into a CAE 
network and obviates the need to move ap¬ 
plications to a particular workstation. Dig¬ 
ital will work with companies that use HP/ 
Apollo or Sun, as well as Digital, worksta¬ 
tions to encapsulate existing tools for 


PowerFrame. The framework provides a 
common way of accessing the tools and a 
way of controlling which versions of the 
tools and of the design data are used by 
different groups. Digital will customize the 
framework to a company’s needs. 

Design Framework II from Cadence, as 
the name implies, concentrates on integrat¬ 
ing design tools. A major advocate of 
frameworks. Cadence has already been 
through its first version of an open frame¬ 
work. It will continue to support Design 
Framework II to let design tools work well 
together, in addition to supporting Power¬ 
Frame so that its customers can manage 
the entire engineering process. 


1. Representative sample of CAE packages for Falcon Framework (Mentor Graphics) 


Package 

Company 

Year first 
available 

Price, US $ 

Function 

Description 

Saber 

Analogy Inc. 

1987 

$15 000 

Analog, mixed-mode simulation 

Able to simulate mixed-level (I.e., 1C, board, 
system-level) designs; has native mixed-signal 
capability as well as interfaces to Cadat and Verilog 
digital simulators; modeling capabiiities 

Relink 

Eckert Enterprises 

1989 

$1500 

Database maintenance 

Restructures, recovers, or archives Mentor data¬ 
bases; works with distributed database; aliows 
switching from shared to separate libraries; com¬ 
patible with Mentor’s layout, schematic, and 
documentation tools 

Academy 

EEsof Inc. 

1990 

$14 000 

Framework for analog circuit 
and system simulation 

Work environment for design entry, simulation (in¬ 
cluding analysis, optimization, and tuning), mask 
layout, and documentation 

HSpice 

HSPIot 

Meta-Software Inc. 

1976 

$4000- 
$90 000 

Analog simulation 

Spice-derivative simulator able to model high- 
performance CMOS, BiCMOS, ECL, and GaAs; 
supports submicrometer MOS, poly-emitter BJT, 
enhancement/depletion GaAs 

CapFast 

CF3000M 

Phase Three Logic Inc. 

1986 

(upgraded 

1990) 

Contact 

vendor 

Schematic capture 

Translates Mentor symbol libraries for use on a 
PC, resultant schematics back to Mentorformat; 
provides full schematic translation compatible with 
EDIF 2.0.0 

TLC 

Quad Design Tech¬ 
nology Inc. 



Transmission-line analysis 

Advanced digital system simulation calculates and 
displays effects of transmission-line phenomena; 
predicts ringing, non-incident switching, under¬ 
shoot, overshoot, and time delay for networks of 
arbitrary topology and construction 

BoardScan 

Quantic Laboratories 
Inc. 

1990 


Board layout analysis 

Determines critical nets on boards where cross 
talk and other transmission-line problems are like¬ 
ly to occur; optional interface to Greenfield 

ChipCrafter 

family 

Seattle Silicon 

1988 

$59 000- 
$149 000 

Tool kits for ASIC and 1C design 

Integrated tool set for developing complex ICs and 
ASICs that can be targeted to any CMOS process; 
advanced users can fine-tune designs and import 
custom cells or cores 

Mixim 

Swiftlogic Ltd. 

1989 

$15 000 

Mixed-signal simulation 

An extension of Mentor’s QuicSim for mixed-signal 
designs in QuicSim environment; event-driven, 
so uses voltage steps rather than mixed-signal 
time steps 

VHDL 

Compiler 

Synopsis Inc. 



Logic synthesis 

Synthesizes RTL design descriptions in IEEE 
VHDL for optimization by the Design Compiler and 
ECL Compiler (also available in framework 
versions) 

IDS 

TSSI 

1986 

$19 000-k 

Tool kit for lest development 

Uses simulation data to perform design behavior 
analysis, specification verification, tester resource 
optimization, and test program generation; sup¬ 
ports over 30 simulators and over 80 models of ATE 

Vantage 

Spreadsheet 

Vantage Analysis 
Systems Inc. 

1989 

$44 000 

VHDL simulation 

Works from schematic or VHDL source descrip¬ 
tion, which can be modified during simulation 
without stopping or resetting; accepts and 
produces schematics In Mentor, Valid, or EDIF 
2.0.0 format 
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2. Representative sample of CAE packages for PowerFrame framework (Digital Equipment Corp./Cadence Design Systems) 


Package 

Company 

Year first 
available 

Price, US $ 

Function 

Description 

Saber 

Analogy Inc, 

1987 

$15 ODD 

Analog, mixed-mode simulation 

Can simulate mixed-level (I.e,, 1C, board, system 
level) designs; has native mixed-signal capabili¬ 
ty as well as Interfaces to Cadat and Verllog digi¬ 
tal simulators' modeling capabilities 

Verilog-XL 

Cadence Design Sys¬ 
tems Inc, 



Digital logic simulation 

Supports top-down and mixed-level design tech¬ 
niques; integral hardware description language 
(HDL) covers input stimulus, output formatting, 
simulation control, debugging control 

Abel-4PLD 

Data I/O Corp, 

1984 

$1995 

Programmable-IC (PIC) design 

Implements logic designs targeted for over 6000 
PIC types; designs are entered behavlorally, and 
can automatically be simulated, synthesized, and 
converted into industry-standard output formats; 
includes Jedec, PLDs, ABEL-PLA files for FPGAs/ 
gate arrays, and PROM translation files for PROMs 

System 

HILO 

Genrad Inc, 

1988 

$10 500-H 

Digital simulation 

Integrated set of design analysis, verification, and 
test generation modules for optimizing ASIC and 
board designs and test programs 

Scicards 

Harris/Scientific Cal¬ 
culations Inc, 

1978 


Board layout and routing 

Integrated CAD system for circuit board and hy¬ 
brid circuit design; offers gridded, gridless, flood, 
and specialized routers, on-line design-rule 
checking, and advanced SMT, hybrid, and high¬ 
speed logic capabilities 

Viewdraw 

VIewlogic (encapsu¬ 
lated for framework 
by Harris/Scientific 
Calculations Inc,) 



Schematic capture 

Speeds creation of symbols, schematics, block 
diagrams, generic graphics; libraries hold over 
4000 symbols and parts for ASIC, analog, micro- 
wave design 

HSpice 

Meta-Software Inc, 

1976 

$4000- 
$90 000 

Analog simulation 

Spice-derivative, able to model high-performance 
CMOS, BiCMOS, ECL, and GaAs; supports sub¬ 
micrometer MOS, poly-emitter BJT, and enhance¬ 
ment/depletion GaAs 

SL-Design 

Silvar-Lisco 

1990 

$15 000 

Schematic entry 

Permits top-down design; on-line features include 
symbol generation, netlist error checking, macro 
creation; full read/write access to database 

HDL Compiler 

Synopsis Inc, 



Logic synthesis 

Synthesizes RTL design descriptions for optimi¬ 
zation on Design Compiler and ECL Compiler (also 
available in framework versions) 

Lasar V6 

Teradyne Inc, 

- 

$20 000 

Simulation 

Multilevel logic and fault simulation with test 
generation capability 

Allegro 

Valid Logic Systems 



Layout placement, routing 

Board design system driven by engineering- 
specified rules; expert routing system and tools 
for high-speed designs, thermal analysis, testa¬ 
bility and manufacturability 


3. Representative sample of CAE packages for Design Framework II (Cadence Design Systems) 


Package 

Company 

Year first 
available 

Price, USS 

Function 

Description 

Microwave Harmonica 

Compact Software 

1990 

$28 750- 
$34 500 
per seat 

Analog simulation 

Simulates microwave and RF linear and nonlinear 
circuits 

N.2 

Data I/D Corp. 

- 

- 

Digital simulation 

Performs multilevel simulation of complete digi¬ 
tal systems 

Libra 

EEsof Inc. 

1988 

$24 000 

Analog simulation 

Simulates microwave and RF linear and nonlinear 
circuits 

EPIC 

EPIC 

- 

- 

Timing analysis 

- 

LSIM 

Mentor Graphics 

Corp. 

1990 

- 

Logic simulation 

- 

Analog Artist 

HSpice Interface 

Meta-Software Inc. 

1989 

$5000 

Analog design 

Acts as interface to HSpice netlist, simulation con¬ 
trol, waveform control, waveform display, and 
other analog functions 

em 

Sonnet Software 

1989 

$30 000 

Electromagnetic 

analysis 

Evaluates predominantly planar circuits for all 
electromagnetic effects (method of moments) for 
the design of microwave and other high- 
performance digital applications 
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DSP software 


(Continued from p. 59) 
engineering software is sold in much 
smaller volume, vendors often lack the 
resources to meet that ideal. 

Documentation for DSP software 
comes in assorted flavors. Monarch 
delivers a comprehensive manual, com¬ 
plete with background theory and refer¬ 
ences for each filter or operation in the 
package. Interestingly, most references 
were to the book. Digital Filter Design 
Handbook, by Fred Tkylor, Momentum 
Data Systems’ president. The Atlantic Sig¬ 
nal manual looks photocopied rather than 
printed, a disappointing attribute for a US 
$1500 product. The demo copies of the 
other packages I received did not include 


EM simulators 


(Continued from p. 77) 
as the preconditioned conjugate gradient 
algorithm) used in the software, or does 
the solution time grow rapidly with in¬ 
creasing problem size, thus limiting its use¬ 
fulness in the design of complex, high¬ 
speed circuits? 

Postprocessing 

• Interactive interface. Is the user interface 
fully interactive with pop-up menus and 
graphics oriented commands to simplify 
the operation of the program? 

• Plotting. Are contour and shaded im¬ 
ages of scalar fields, vector plots of vec¬ 
tor fields, and magnitude versus distance 
graphs available? 

• Direct display. Are such common quan¬ 
tities as capacitance, energy, and force eas¬ 
ily displayed by direct menu commands? 
Can you add user-defined quantities to the 
menu for direct display? 

• Calculator. Does the software include a 
calculator to combine and to manipulate 
scalar and vector fields in one, two, and 
three dimensions? 

• Macro. Does the software support a 
macro capability to automate repetitive 
calculations? 

• Output compatibility. Can all derived 
quantities be output in standard data for¬ 
mats, including those used by common cir¬ 
cuit simulation programs? 

About the author 

Zoltan J. Cendes (M) is cofounder of 
Ansoft Corp., Pittsburgh, a company 
specializing in finite-element electromag¬ 
netic software, and a professor of electri¬ 
cal and computer engineering at Carnegie 
Mellon University, Pittsburgh. He previ¬ 
ously developed finite-element computer- 
aided engineering systems at General Elec¬ 
tric Co. He has a bachelor’s degree in en¬ 
gineering science from the University of 
Michigan in Ann Arbor and a master’s and 
doctorate in electrical engineering from 
McGill University, Montreal. ♦ 
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the user’s manual and support documents. 

Software support is seldom a problem. 
Most vendors of DSP software are quite 
happy to talk to users, and will even help 
them with technical problems beyond 
those with which their software packages 
are concerned. Since DSP software pack¬ 
ages are sold in relatively low volume, get¬ 
ting through on the phone is rarely a 
problem. 

Software upgrade policies for engineer¬ 
ing packages can come as an unpleasant 
surprise to first-time users. Few upgrade 
costs for DSP software are as generous as 
for the larger software packages. Again, 
the much smaller market requires that 
prices remain high to cover development 
costs. 

User groups can be a big help, especial¬ 


ly those that maintain a modem-accessible 
bulletin board. 

About the author 

Bruce C. Mather (M) is the acting man¬ 
ager of the machine perception section in 
the robotics and automation department. 
Automation and Data Systems Division, 
at the Southwest Research Institute in San 
Antonio, Texas. A specialist in digital sig¬ 
nal processing and computer vision, he is 
currently managing a research project on 
the application of neural networks to 
shape recognition. He also works in the 
areas of biomedical instrumentation, high¬ 
speed image processing, and robotics. He 
received his electrical engineering degrees 
from the University of Illinois at 
Champaign-Urbana. ♦ 


Analog design 

(Continued from p. 67) 
with up to 200 transistors. A change was 
made in the look-up tables for the Macin¬ 
tosh version and in the 286- and 386- 
specific versions of IsSpice, however, so the 
program can use additional memory that 
these machines address to simulate larger 
circuits. The maximum circuit size for 
these versions can again be estimated by 
Blume’s 250-transistors-per-megabyte-of- 
RAM rule. 

Since the 386-protected mode is about 
30 percent faster than 8088 real mode, 
there is a marked speed advantage to 386 
users who run 386-protected-mode IsSpice 
instead of the 8088-real-mode or the 286- 
protected-mode IsSpice. However, neither 
the 286- nor 386-protected-mode IsSpice 
allows multitasking. This is a good, usa¬ 
ble, but limited product at a reasonable 
price. 

Graphics postprocessors 

Graphics postprocessors [Thble 3] cre¬ 
ate screen displays of data calculated by 
Spice. A good postprocessor will be able 
to access all the data generated by Spice, 
not just the data saved in the Spice output 
file. Also, it will mathematically manipu¬ 
late the data to clarify its meaning. There 
are only two postprocessors available for 
Spice on personal computers: MicroSim’s 
Probe and Intusoft’s IntuScope. 

Probe displays and manipulates data 
from a special file created by PSpice dur¬ 
ing a simulation run. It is exceptionally 
easy to use, because it employs standard 
algebraic notation and fill-in-the-blanks 
menus. Further, unless the user specifically 
tells PSpice not to save voltages and cur¬ 
rents at certain nodes, the voltages and cur¬ 
rents from all nodes are available to Probe. 

Probe’s greatest strength—its use of 
PSpice’s automatically created special out¬ 
put file—is also its greatest weakness. 
PSpice stores data in the output file in 
single-precision format, so calculations 


using two variables of approximately the 
same size, or a small variable, will not give 
totally accurate answers. Also, Probe does 
not generate high-quality graphics output 
for manuals and design documents. A user 
will need a program like Adobe’s Stream- 
Line, which converts low-resolution bit¬ 
map graphics into high-resolution vector 
graphics, to create presentation graphics 
from Probe. 

With IntuScope, designers can display 
and mathematically manipulate data from 
Spice output files generated by any pro¬ 
gram that uses the Spice 2G6 output for¬ 
mat. The postprocessor lets them use a PC 
or Mac to study the results of simulations 
run on other computers. IntuScope gener¬ 
ates high-quality graphics (suitable for use 
in papers, reports, and presentations) and 
employs the full double-precision value of 
a number, things that Probe does not do, 
so it gives the designer a truer feel for cir¬ 
cuit behavior when voltages and/or cur¬ 
rents are close to zero. 

The current version of IntuScope for 
IBM-compatible PCs uses a reverse- 
Polish-notation (RPN) interface that’s dif¬ 
ficult to deal with, even for designers fa¬ 
miliar with HP’s RPN calculators. How¬ 
ever, the current Mac version of IntuSoft 
(and the next PC version) has a WIMP in¬ 
terface that is simpler to use. Also, Intu¬ 
Scope can only access data stored in the 
print tables of Spice output files; if data 
was not saved during the simulation to a 
•PRINT table, it is unavailable to Intu¬ 
Scope—a significant limitation. 

About the author 

John Richard Hines (M) is a silicon sen¬ 
sor engineer at Honeywell Optoelectron¬ 
ics, in Richardson, Texas, and a registered 
professional engineer. He holds three pa¬ 
tents for circuit design techniques and has 
filed patents for techniques that can be 
used to fabricate integrated silicon sensors. 
Hines writes extensively about the use of 
personal computers in engineering for a 
variety of publications. ♦ 
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Intelligent 

Data 

Acquisition 

System Solutions 
For Data Acquisition 

Onboard Intelligence for I 

IBM PC/XT/AT/386 I 


Microstar’s Data Acquisition 
Processor™ (DAP™) manages the 
entire data acquisition and con¬ 
trol interface inside a PC. 
Onboard intelligence in the DAP 
speeds development and 
increases performance. 

The DAP can be configured eas¬ 
ily into a number of instruments, 
including: 

■ Spectrum Analyzer 

■ Instrument Controller 

■ Transient Recorder 

■ Digital Signal Processor 

■ Datalogger 

DAPview™ software provides 
interactive control for data acqui¬ 
sition: 

■ real time graphics 

■ disk logging 

■ pull-down menus 

■ on-line HELP 

■ on-line error handling 



Call for FREE Demo Diskette 
(206) 881-4286 


DAP Features: 

■ On board microprocessor: up to 
16 MHz with 512K DRAM 

■ DAP 2400™ with onboard 
digital signal processor: 
20 MHz for 10 MIPS; up to 
96K fast SRAM 

■ Buffers and processes input data 

■ More than 100 commands 
without programming 

■ Compatible with DAPview, C, 
Pascal, BASIC, FORTRAN, 
Lotus 1-2-3, ASYST, ILS, 
LabWindows 

■ C lan^age custom commands 

■ Acquires analog and digital 
inputs to 235,000 samples/ 
second 

■ Updates analog or digital outputs 
to 250,000 values/second 

Microstar _ 

Laboratories™ m 

2863 152nd Ave. N.E., Redmond, WA 98052 


Circle No. 215 


To probe further. . . 


Digital signal processing 

Digital Signal Analysis, written by Samuel 
D. Sterns and Don R. Rush (Prentice-Hall 
Inc., New York, 2nd ed., 1990) not only 
provides the reader with a thorough review 
of the fundamentals of digital signal anal¬ 
ysis and filter design, but also offers some 
software. The book comes with an IBM- 
PC-compatible 5.25-inch disk that in¬ 
cludes transforms and filter design soft¬ 
ware in portable modules written in For¬ 
tran 77; they can be used for both study 
purposes and actual designs. 

In the area of speech, the International 
Conference on Spoken Language 
Processing-ICSLP will be held Nov. 18- 
22 in Kobe, Japan, at the International 
Conference Center Kobe. For further in¬ 
formation, contact Hiroya Fujisaki, 
Department of Electronic Engineering, 
University of Tokyo, 7-3-1 Hongo, 
Bunkyo-ku, Tokyo 113, Japan; (81 + 3) 
812 4442, ext. 6656. 

Digital signal processing is one of the 
many topics covered at the ACM/IEEE 
Design Automation Conference. The CAE 
industry’s oldest and largest conference, 
this meeting marks its 28th anniversary 
next year, when it will be held June 16-20 
in San Francisco. For information, write 
or call MP Associates Inc., 7490 Club¬ 
house Rd., Suite 102, Boulder, Colo. 80301; 
303-530-4333. Past proceedings of this 
conference, available through the IEEE, 
are also an excellent source of information 
on DSP, analog design, and other topics 
covered in this special focus report. 
Analog design 

There are many good books about analog 
design software, among them A Spice 
Tutorial, A Spice User’s Guide, and Spice 
Modeling Notes (Oholiab Technology, 
Richardson, Texas, 1988), all written by 
John R. Hines, the author of the article ap¬ 
pearing in this software focus report. 
These works provide a solid introduction 
to Spice simulation as well as practical in¬ 
formation about using Spice and creating 
Spice models. 

Another recently published text is Ana¬ 
logue IC Design: The Current-mode Ap¬ 
proach by C. Toumazou et al. (Peter 
Peregrinus Ltd., London, 1990). This work 
offers an insight into some of the problems 
unique to analog design and provides a so¬ 
lution methodology. 

EDIF 

The EDIF standard is available as “Elec¬ 
tronic Design Interchange Format,” ver¬ 
sion 2.0.0, 2nd edition, 1990, ANSl/EIA 
Standard 548, from the Electronic Indus¬ 


tries Association, Standard Sales Depart¬ 
ment, 1722 Eye St., N.W., Washington, 
D.C. 20006; 202-457-4966. Also available 
from the EIA is “EDIF Connectivity,” 
EDIF monograph series, Vol. 2, EIA/ 
EDIF-2. 

The EIA also offers “Introduction to 
EDIF,” Vol. 1, in its EDIF monograph se¬ 
ries, and a guide titled “Using EDIF for 
Schematic Transfer.” 

Co-author John Eurich presents the 
basics in “A Tutorial Introduction to Elec¬ 
tronic Design Interchange Format” in the 
proceedings of the 23rd ACM/IEEE De¬ 
sign Automation Conference, June 1986. 
Tutorial videotapes on EDIF are available 
from Engineering DataXpress, whose ad¬ 
dress appears in the index. 

The 1991 lOth International Conference 
on Computer Hardware Description Lan¬ 
guages is scheduled to take place on April 
22-26 in Marseilles, France.Contact the 
IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., 
N.W., Washington, D.C. 20036; 202-371- 
1013; fax, 212-728-0884. 

EM and finite-element analysis 
Zoltan J. Cendes has previously written on 
the topic of finite-element analysis for 
IEEE Spectrum-, in the April 1989 issue, 
p. 29, he authored the article, “Unlocking 
the magic of Maxwell’s equations,” which 
discusses the use of finite-element analy¬ 
sis for device-level design. 

Numerical Computation of Electric and 
Magnetic Fields (Van Nostrand Reinhold, 
New York, 1987) is a good introduction to 
the use of finite-element analysis for elec¬ 
tromagnetics, while a discussion of the 
practical aspects of using that analysis in 
magnetic design appears in Computer- 
Aided Design in Magnetics by D.A. Low- 
ther and Peter P. Silvester (Springer-Verlag, 
New York, 1986). 

The proceedings of the 1990 biennial 
IEEE Conference on Electromagnetic 
Field Computations, which was held in 
Toronto last month, will be published in 
an upcoming issue of the IEEE lYansac- 
tions on Magnetics. 

CASE 

Computer-Aided Software Design: Build 
Quality Software with CASE is an in¬ 
troduction to the field written by Max 
Schindler (John Wiley & Sons, New York, 
1990). By taking a casual approach to the 
topic, the author makes a complex topic 
easy and enjoyable reading. 

Ada, the CASE environment developed 
by the Department of Defense, Ada Joint 
Program, is the subject of a quarterly 
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newsletter, the “Ada Information 
Clearinghouse (AdalC) Newsletter” (IIT 
Research Institute, Lanham, Md.). It keeps 
readers abreast of the current status of Ada 
and provides answers to readers’ questions, 
European developments, and more. 

“CASE tools for Artificial IntelUgence” 
is the topic of the Computer Society Con¬ 
ference on Tools for AI—TAI ’90. The 
meeting is to be held Nov. 6-9 at the Hyatt 
in Washington, D.C. To attend, contact 
Nikolaos G. Bourbakis, George Mason 
University, Department of ECE, Fairfax, 
Va. 22030; 703-425-3930. 

In December, Irvine, Calif., will host a 
major CASE-industry conference: the 
Fourth International Workshop on 
CASE-CASE ’90. To be held Dec. 5-8 at 
the Irvine Hilton and Towers, the confer¬ 
ence will cover all aspects of CASE, in¬ 
cluding management of software develop¬ 
ment and other high-level concerns. To 
attend, contact Ronald Norman at San 
Diego State University College of Ad¬ 
ministration, San Diego, Calif. 92182; 
619-594-3734. 

Board software 

The fields of board CAD, data acquisition, 
and CAE frameworks are currently the 
center of attention of the CAE industry, 
so many rapid developments are occurring 
in them. Fortunately, there are many con¬ 
ferences sponsored by the IEEE on these 
topics. As mentioned previously, the ACM/ 
IEEE Design Automation Conference and 
its past proceedings are an invaluable 
source of information. 

On Nov. 12-15, the International Con¬ 
ference on Computer-Aided Design- 
ICCAD ’90 will be held at the Santa Clara 
Convention Center in Santa Clara, Calif. 
For more information, contact ICCAD 
’90, IEEE Computer Society, 1730 Mas- 
sachussetts Ave., N.W., Washington, D.C. 
20036; 202-371-1013. 

On the East Coast of the United States, 
the High-Tech PC and Workstation Appli¬ 
cations Conference will be held on Nov. 14 
at the Governor Morris Inn (Royce Hotel), 
Morristown, N.J. To find out about at¬ 
tending, contact Donald Hsu, Box 2093, 
Fort Lee N.J. 07024; 201-585-1226 or 
914-359-7800. 

Frameworks 

The 1990 2nd International IFIP (Interna¬ 
tional Federation for Information Process¬ 
ing) Workshop on Electronic Design Au¬ 
tomation Frameworks will take place at the 
University of Virginia in Charlottesville on 
Nov. 26-28. Contact the IEEE Computer 
Society (see under EDIF in this section). 
General 

The 1990 Conference on Software Main¬ 
tenance will take place Nov. 26-29, 1990 
in San Diego. It is sponsored by the IEEE 
Computer Society, the Association for 
Computing Machinery, the National 
Institute of Standards and Technology, 
and others. Contact the IEEE Computer 
Society (see under EDIF in this section). 
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A new concept in signal processing. 


An affordable DSP environment for IBM 
PC/XT/AT compatibles capable of data 
analysis, signal processing and 
simulation, or custom real/post time 
application development in conjunction 
with external hardware. Object oriented 
processing, windows and an open 
architecture allow the 
engineer/scientist to focus on 
algorithms. Interfaces and applications. 


Built-in Windowing System 

Unlimited number of Independently- 
sized graphics windows for data 
displays. Graphics tools include 
arbitrary zoom, two-axis data file 
panning with window scroll bars, and 
cursor position readout. Mouse support 
and pop down menus provide an 
intuitive user Interface. 


Object Oriented Framework 

Data objects organized as scalars, 
vectors or matrices, include multi-line 
formulae, and depicted as cells on a 
processing schematic. Automatic 
schematic connections Illustrate cell 
data flow or formula execution flow. A 
virtual cell structure provides arbitrary 
data capacity. 


JASCO Systems Ltd., Sidney, British Columbia, Canada V8L 3S1 
Tel.: (604) 656-0234 Fax: (604) 656-5833 


Open Architecture DSP Library 

Extensive standard function llbraiy 
included for DSP and data analysis. 
Additional compiled functions can be 
linked Into the run-time library. 
Application-specific libraries for 
hardware data acquisition, interface 
and control, and concurrent external 
signal processing. 
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GR AFTOOL can easily produce 3-D and 2-D 
surface-contours from your Lotus 1-2-3, 
Excel, or ASCII files. Zoom in, rotate, and 
resize any object in three dimensions! A built- 
in scientific spreadsheet provides advanced 
functions and formulas for data analysis. 


FOR 



THE 

THINKING 

MAN 


“GRAFTOOL has the potential 
to be the ultimate graphics 
package, fulfilling everybody’s 
needs.” 

— Ehud Kaplan 
PC Magazine* 


GRAFTOOL 

Graphical Analysis Systems by: 

3DL3-D VISIONS 

412 s. Pacific Coast Hwy. Suite 201 
\l Redondo Beach, CA 90277 
GRAFTOOL S49S/Interactive demo available 

To order call: 1-213-540-8818 
or 1-800-SAY GRAF Toll-free. 

GRAFTOOL is a trademark of 3-D Visions Corp. Lotus 1-2-3 is a 
trademark of Lotus Development Corp, Excel is a trademark of 
Microsoft Corp. 

^Reprinted with permission from PC Magazine, March 14th, 
Copyright 1989 Ziff Communications Co. 
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TIig Joy of [DiZnr^r^^iriQ. 



High performance. 

DERIVE does numeric and symbolic 
equation solving, exact and approximate 
arithmetic to thousands of digits, calculus, 
trigonometry and matrices, it dispiays for- 
muias in comprehensibie 2D format using 
raised exponents and buiit-up fractions. It 
piots beautifui 2D curves and 3D surfaces 
on monochrome or coior monitors. 


Compact and sporty. 

PC Magazine cails it a ''small wonder." Ali 
it takes is 512K of memory and one floppy 
disk drive. DERIVE takes to the road on PC 
compatibles, and reaiiy gets around on 
laptop and even handheld computers! 


Freedom to maneuver. 

OEff/i/5'sautomated expertise releases 
you from the drudgery of hand calcula¬ 
tions. You can do problems you'd never 
attempt otherwise and obtain exact sym¬ 
bolic solutions, in addition to approximate 
numerical solutions. 


No sticker shock. 

DERiVE’s suggested retail price is $200. 
And of course DERIVE doesn't require an 
expensive computer, a math co-proces¬ 
sor, or even a hard disk drive. 


Order DERIVE through your favorite 
software dealer or mail-order house. For a 
list of dealers, write Soft Warehouse, Inc. 
at 3615 Harding Avenue, Suite 505, 
Honolulu, HI 96816. Or call (808) 734-5801 
after 11 a.m. Pacific Standard Time. 


And happy DERlVE\ng\ 


that 

delights 

both math lovers 
and math phobics. 


.r DERiVE-AMathematicai 
\\ y Assistant program. 

PC Magazine says it's 
"a joy to use”and proclaims it 
EDITORS^ “Editors' Choice." PC Week 
^ 1 calls it “fast and capable. “ 

The DERIVES program is 
delivered with 
built-in standard 
equipment 


Human engineering. 

You don’t have to be fluent in com¬ 
puterese to use DERIVE. In fact, it’s the 
friendliest and easiest to use of any 

symbolic math package 
on the road today. 

Its menu-driven 
interface 


on-line help 
make it easy- you’ll 
soon be up to speed 
doing math, instead 
of trying to learn how to drive 
the software. 


DERIVE\s a 
registered trademark of 


/oft UJofehou/e^ 


IEEE SPECTRUM NOVEMBER 


Circle No. 211 


97 













94043, 415-962-5000 circle no. 365, p. 71 

Tanner Research Inc. , 444 North Altadena Dr.. Pasadena. 
CA 91107, 818-795-1696 circle no. 366, p. 71 

Technical Systems Integrators Inc. (TSI), 5762 S. Semo- 
ran Blvd., Orlando, FL 32822, 818-795-1696 

circle no. 367, ** 

Teradyne EDA, 5155 Old Ironsides Dr., Santa Clara, CA 
95054, 408-980-5200 circle no. 368, p. 71 

Texas Instruments Inc., 8390 LBJ Freeway, Dallas, TX 
75243, 214-997-2796 circle no. 369, ** 

Toshiba America Electrenic Components Inc., 1220 Midas 
Way, Sunnyvale, CA 94086, 408-737-9844 

circle no. 370, ** 

Trend Circuits Inc., 44358 Old Warm Springs Blvd., 
Fremont, CA 94538-6148, 415-651-1150 

circle no. 371, ** 

TSSI, 8205 S.W. Creekside Place, Beaverton, OR 97005, 
503-643-9281 circle no. 372, ** 

Valid Logic Systems, 2820 Orchard Parkway, San Jose, CA 

95134, 408-432-9400 circle no. 373, p. 71 

Vantage Analysis Systems Inc., 42840 Christy St,, Suite 
201, Fremont, CA 94538, 415-659-0901 

circle no. 374, p. 71 
Versatec, 2710 Walsh Ave., Santa Clara, CA 95052-8091, 
408-988-2800 circle no. 375, ** 

VIewlogIc Systems Inc., 293 Boston Post Rd. W., Marlboro, 
MA 01752, 800-422-4660 circle no, 376, ** 

VLSI Technology Inc., 1109 McKay Dr., San Jose, CA 
95131, 408-434-3000 circle no. 377, ** 

Zuken America Inc., One Oak Park Dr., Bedford, MA 01730, 
617-275-0700 circle no. 378, p. 71 

Zycad Corp., 1380 Willow Rd., Menlo Park, CA 94025,415- 
688-7400 circle no. 379, p. 71 


CAE FOR ELECTROMAGNETIC DESIGN 


AnsoftCorp., FourStation Square, Suite660, Pittsburgh, 
PA 15219, 412-261-3200 circle no. 380, p. 74 

EESof Inc., 5601 Lindero Canyon Rd., Westlake Village, 
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Atherton Technology, 1333 Bordeaux Dr., Sunnyvale, CA 
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Cadre Technologies Inc., 222 Richmond St., Providence, 
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Code Farms Inc,, 7412 Jock Trail, Richmond, Ontario, KOA 
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Hewlett-Packard Co., 3000 Hanover St., P.O. Box 10301, 
Palo Alto, CA 94303, 415-857-1501 
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i-Logix Inc., 22 Third Ave., Burlington, MA 01803, 617- 
272-8090 circle no. 399, p. 80 

Index Technology Corp., One Main St., Cambridge, MA 
02142, 617-494-8200 circle no. 400, ** 

Interactive Development Environments (IDE) Inc., 595 Mar¬ 
ket St,, 10th Floor, San Francisco, CA 94105, 415-543- 
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Interactive Software Engineering Inc., 270 Storke Rd., 
Suite 7, Goleta, CA 93117, 805-685-1006 
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Mentor Graphics Inc., 8500 S.W. Creekside Place, Beaver¬ 
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MicroWay Inc., P.O. Box 79, Kingston, MA 02364, 508- 
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MIL3 Inc., 3400 International Dr. N.W., Washington, D.C. 
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(Continued on p. 101) 


DESIGN 

ANY FILTER YOU 
THOUGHT WAS 

IMPOSSIBLE! 

W hether you design and build passive LC filters, microwave 
filters, active RC filters, switched-capacitor filters or digital 
filters, S/FILSYN is the program to handle your requirement. 
S/FILSYN designs lowpass, highpass, bandpass and band-reject 
filters. You can design delay equalizers, delay lines, matching 
networks, interstage networks, and diplexers 
and multiplexers of any complexity. 

You can have filters of degree up to /, 

50 with flat loss and/or delay in the ^ 

passband and meet arbitrary requirements 
in the stopbands. 

CALL FOR FREE, NEWLY-RELEASED 
LITERATURE 408/554-1469 

Available also for mainframes and workstations 

1353 Santa Way, Santa Clara CA 95051 408/554-1469 







S/FILSYN™- 
a mairrfTame prograi 
NOW ^ 

forthe 
professional 
PC user 

■ Need a delay-equalized filter or a stand-alone delay equalizer? 

■ Need a bandpass that has a lowpass-like topology? 

■ Need a bandpass with a sloping passband, a linear-phase 
passband or one with all inductors equal? 

■ Need a bandpass that is symmetrical on a linear frequency 
scale and has equal minima stopband? 

Need a crystal filter or one that has crystal 
sections in it? 

■ Need a predistorted filter or one with 
arbitrary terminations? 

■ Need a microwave filter with unit 
elements as integral parts? 

ONLY S/FILSYN CAN DO ALL OF THESE 
AND MORE... with a 90 day, no ques¬ 
tions asked, money-back guarantee. 


© Copyright 1990 DGS Associates, Int 
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CA 94303, 415-494-2233 circle no. 415, p. 80 

TCI Software Research Inc., 1190 Foster Rd., Las Cruces, 
NM 88001, 800-874-2383 circle no. 416, p. 80 
TeleSoft, 5959 Cornerstone Court West, San Diego, CA 
92121, 619-457-2700 circle no. 417, p. 80 


Mentor Graphics Corp., 1940 Zanker Rd., San Jose, CA 
95112, 408-436-1500 circle no. 427, p. 82 

MicroWay Inc., P.O. Box 79, Kingston, MA 02364, 508- 
746-7341 circle no, 428, ** 

Mihalisin Associates, 600 Honey Run Rd., Ambler, PA 
19002, 215-646-3814 circle no. 429, ** 

OrCAD L.P., 3175 N.W. Aloclek Dr., Hillsboro, OR 97124, 
503-690-9881 circle no, 430, p. 82 

Quad Design Technoiogy inc., 1385 Del Norte Rd., Camaril¬ 
lo, CA 93010, 805-988-8250 circle no. 431, p. 84 
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Winnipeg, Man., Canada R3B 0S9, 800-665-0235 

circle no. 432, p, 84 
Racal-Redac Inc., 238 Littleton Rd., Westford, MA 01886, 


Special Software Guide 


READER SERVICE (CIRCLE NUMBERS) 

^KdverHsbJIent^^^H 


201 203 205 207 209 211 213 215 217 219 221 223 225 227 229 231 233 235 237 239 241 243 245 247 

202 204 206 208 210 212 214 216 218 220 222 224 226 228 230 232 234 236 238 240 242 244 246 248 


PRODUCT INFORMATION 


251 262 273 284 295 306 317 328 339 350 361 372 383 394 405 416 427 438 449 460 471 482 493 504 

252 263 274 285 296 307 318 329 340 351 362 373 384 395 406 417 428 439 450 461 472 483 494 505 

253 264 275 286 297 308 319 330 341 352 363 374 385 396 407 418 429 440 451 462 473 484 495 506 

254 265 276 287 298 309 320 331 342 353 364 375 386 397 408 419 430 441 452 463 474 485 496 507 

255 266 277 288 299 310 321 332 343 354 365 376 387 398 409 420 431 442 453 464 475 486 497 508 

256 267 278 289 300 311 322 333 344 355 366 377 388 399 410 421 432 443 454 465 476 487 498 509 

257 268 279 290 301 312 323 334 345 356 367 378 389 400 411 422 433 444 455 466 477 488 499 510 

258 269 280 291 302 313 324 335 346 357 368 379 390 401 412 423 434 445 456 467 478 489 500 511 

259 270 281 292 303 314 325 336 347 358 369 380 391 402 413 424 435 446 457 468 479 490 501 512 

260 271 282 293 304 315 326 337 348 359 370 381 392 403 414 425 436 447 458 469 480 491 502 513 

261 272 283 294 305 316 327 338 349 360 371 382 393 404 415 426 437 448 459 470 481 492 503 514 

Print or Type only 
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Data Translation Inc., 100 Locke Dr., Marlboro, MA 01752, 
508-481-3700 circle no, 443, p. 86 

DSP Development Corp., One Kendall Square, Cambridge, 
MA 02139, 617-577-1133 circle no, 444, p. 88 

Hyperception Inc., 9550 Skillman, Suile 302, Dallas, TX 
75243, 214-343-8525 circle no. 445, p. 86, 88 
Integral Signal Processing, P.O. Box 27661, Austin, TX 
78755, 512-346-1451 circle no. 446, ** 

Jandel Scientific, 65 Koch Rd., Corte Madera, CA 94925, 
415-924-8640 circle no. 447, p, 88 

Keithley Asyst, 100 Corporate Woods, Rochester, NY 
14623, 800-348-0033 circle no. 448, p. 86 

Laboratory Technologies Corp. , 400 Research Dr.. Wilming¬ 
ton, MA 01887, 508-657-5400 circle no, 449, p. 86 

---1C., 21 Eliot St., South Natick, MA 01760, 

circle no. 450, ** 
>0. Box 79, Kingston, MA 02364, 508- 
circle no. 451, p. 88 
Btes, 600 Honey Run Rd., Ambler, PA 
•3814 circle no. 452, p, 88 

ants Corp., 6504 Bridge Point Parkway, 
0, 512-794-0100 circle no. 453, p. 86 
16440 Eagles Crest Rd., Ramona, CA 

-5090 circle no. 454, ** 

re Toels Inc., 30 East Swedesford Rd., 
55, 215-889-1354circle no. 455, p. 86 
Corp., 374 Maple Ave. East, Suite 200, 
0, 703-281-3277 circle no. 456, ** 

)y Inc., 120 Cremona Dr,, Goleta, CA 
•3000 circle no. 457, p. 86, 88 
nc., 3615 Harding Ave., Suite 505, Hon- 
808-734-5801 circle no, 458, ** 

luting Corp., 224 South Michigan Ave., 
34, 312-427-2400 circle no. 459, p. 88 
Processing Inc., 460 Totten Pond Rd., 4th 
MA 02154, 617-890-3400 

circle no. 460, p, 86 
Processing Inc., 3700 Gilmore Way, Bur- 
ja V5G 4M1, 604-438-7266 

circle no. 461, p. 86 


:al engineers 


249 

250 


515 526 

516 527 

517 528 

518 529 

519 530 

520 531 

521 532 

522 533 

523 534 

524 535 

525 536 



_ I- and three-dimensional 

is System for electrical 

. ■ ■ »——_ . . —comprehensive anaiysis 

capabilities. MSC/EMAS solves electric and magnetic field problems for linear, non¬ 
linear and anisotropic materials. With MSC/EMAS, users can analyze the entire 
range of electromagnetic behavior from electrostatics and nonlinear magneto¬ 
statics to eddy currents and wave propagation. Best of all, these varied phenomena 
can be accurately simulated under the umbrella of one program. 

MSC/EMAS is based on the analytical engine of MSC/NASTRAN,'" the world’s 
leading finite element analysis program. MSC/EMAS retains the computational effi¬ 
ciencies of MSC/NASTFIAN while incorporating a new and unique formulation of 
Maxwell’s equations for use in electromagnetic applications. 

Closely integrated with MSC/EMAS is a state-of-the-art, interactive pre- and post¬ 
processor, MSC/XL,™ which allows users to build and refine models and display 
analysis results in a variety of formats. This graphical interface features a modern 
menu structure, a powerful command language, automated meshing, a user- 
defined calculator, and advanced color graphics. Together, the combination of anal¬ 
ysis capabilities, proven computational abilities, and powerful graphics makes 
MSC/EMAS the premier software package for electrical engineers. 

MSC/EMAS allows engineers to obtain complex design information that would 
otherwise be feasible only through prototype, estimation, or special purpose analy¬ 
sis programs. The ease of use and flexibilify of MSC/EMAS facilitate greater explo¬ 
ration of design concepts early in the development process, when change is most 
easily accommodated. With feasibility and performance determined early in the 
design cycle, the insights gained through analysis become the basis for fewer and 
more successful prototypes. 

MSC/EMAS is available on a variety of compufer plafforms ranging from engineer¬ 
ing workstations to supercomputers. 

For more information contact: The MacNeal-Schwendler Corporation, 815 Colorado Boulevard, 
Los Angeles, CA 90041 or phone 1-800-MAG-6442 or (414) 357-8723. 
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94043, 415-962-5000 circle no. 365, p. 71 

Tanner Research Inc. . 444 North Altadena Dr.. Pasadena, 
CA 91107, 818-795-1696 circle no. 366, p. 71 

Technical Systems Integrators Inc. (TSI), 5762 S. Semo- 
ran Blvd., Orlando, FL 32822, 818-795-1696 

circle no, 367, ** 

Teradyne EDA, 5155 Old Ironsides Dr., Santa Clara, CA 
95054, 408-980-5200 circle no. 368, p, 71 

Texas Instrumenls Inc., 8390 LBJ Freeway, Dallas, TX 
75243, 214-997-2796 circle no. 369, ** 

Toshiba America Electronic Components Inc., 1220 Midas 
Way, Sunnyvale, CA 94086, 408-737-9844 

circle no. 370, ** 

Trend Circuits Inc., 44358 Old Warm Springs Blvd., 
Fremont, CA 94538-6148, 415-651-115C 

TSSI, 8205 S.W. Creekside Place, Beave 
503-643-9281 cil 

Valid Logic Systems, 2820 Orchard Parkw. 

95134, 408-432-9400 circle 

Vantage Analysis Systems Inc., 42840 C 
201, Fremont, CA 94538, 415-659-090’ 
circle 

Versatec, 2710 Walsh Ave., Santa Clara, I 
408-988-2800 Cit 

Viewlogic Systems Inc., 293 Boston Post R 
MA 01752, 800-422-4660 cit 

VLSI Technology Inc., 1109 McKay Dr. 

95131, 408-434-3000 cit 

Zuken America Inc., One Oak Park Dr., Bed 
617-275-0700 circle 

Zycad Corp., 1380 Willow Rd., Menlo Park. 

688-7400 circle 


CAE FOR ELECTROMAGNETIC DESIGN 


Ansoft Corp. , Four Station Square, Suite f 
PA 15219, 412-261-3200 circle 

EESof Inc., 5601 LIndero Canyon Rd., V\ 


CA 91362, 818-991-7530 circle no. 381, p. 74 

Hewlett-Packard Corp., 1400 Fountain Grove Parkway, 
Santa Rosa, CA 95403, 707-577-1400 

circle no, 382, p. 74 
IMSL, 2500 Permian Tower, 2500 CityWest Blvd., Hous¬ 
ton, TX 77042, 713-782-6060 circle no. 383, ** 
Inlolylica Corp., 1140 de Malsonneuve, Suite 1160, Mon¬ 
treal, Que., Canada H3A 1M8, 514-849-8752 

circle no. 384, p. 74 
Integrated Engineering Software Inc., 347-435 Ellice Ave., 
Winnipeg, Man., Canada R38 146, 204-942-5636 

circle no. 385, p. 74 
The MacNeal-Schwendler Corp., 9076 North Dearbrook 
Trail. Milwaukee. Wl 532 23. 414-357-8723 _ 


Rl 02903,TB1-351-CASE circle no, 396, p, 80 

Code Farms Inc., 7412 Jock Trail, Richmond, Ontario, KOA 
2Z0, Canada, 613-838-4829 circle no. 397, p.80 
Hewlett-Packard Co., 3000 Hanover St., P.O. Box 10301, 
Palo Alto, CA 94303, 415-857-1501 

circle no, 398, p. 80 
i-Logix Inc., 22 Third Ave., Burlington, MA 01803, 617- 
272-8090 circle no. 399, p. 80 

Index Technology Corp., One Main St., Cambridge, MA 
02142, 617-494-8200 circle no. 400, ** 

Interactive Development Environments (IDE) Inc., 595 Mar¬ 
ket St., 10th Floor, San Francisco, CA 94105, 415-543- 
0900 circle no. 401, p. 80 

Interactive S oftware Engineering Inc., 270 Storke Rd., 
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UNITED STATES 


BUSINESS REPLY MAIL 
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.L BE PAID BY ADDRESSEE 


SPECTRUM 

Creative Data Center 
650 South Clark 
Chicago IL 60605-9918 


[ 

ANY FILTER YOU 
THOUGHT WAS 

IMPOSSIBLE! 

W hether you design and build passive LC filters, microwave 
filters, active RC filters, switched-capacitor filters or digital 
filters, S/FILSYN is the program to handle your requirement. 
S/FILSYN designs lowpass, highpass, bandpass and band-reject 
filters. You can design delay equalizers, delay lines, matching 
networks, interstage networks, and diplexers 
and multiplexers of any complexity. 

You can have filters of degree up to 
50 with flat loss and/or delay in the ^ 

passband and meet arbitrary requirements 
in the stopbands. 

CALL FOR FREE. NEWLY-RELEASED 
LITERATURE 408/554-1469 


.III..lull..I 


NOW 

forthe 
professional 
PC user 




Available also for mainframes and workstations 


1353 Sarita Way, Santa Clara CA 95051 408/554-1469 


■ Need a delay-equalized filter or a stand-alone delay equalizer? 

■ Need a bandpass that has a lowpass-like topology? 

■ Need a bandpass with a sloping passband, a linear-phase 
passband or one with all inductors equal? 

■ Need a bandpass that is symmetrical on a linear frequency 
scale and has equal minima stopband? 

Need a crystal filter or one that has crystal 
sections in it? 

■ Need a predistorted filter or one with 
arbitrary terminations? 

■ Need a microwave filter with unit 
elements as integral parts? 

ONLY S/FILSYN CAN DO ALL OF THESE 
AND MORE... with a 90 day, no ques¬ 
tions asked, money-back guarantee. 


© Copyright 1990 DGS Associates. 
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94107, 415-957-1441 circle no. 414, p. 80 

Systems Control Technology Inc., 2300 Geng Rd., Palo Alto, 
CA 94303, 415-494-2233 circle no. 415, p. 80 

TCI Software Research Inc., 1190 Foster Rd., Las Cruces, 
NM 88001, 800-874-2383 circle no. 416, p. 80 
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92121, 619-457-2700 circle no. 417, p. 80 

Texas Instruments Inc., 6550 Chase Oaks Blvd., MS 8474, 
Plano, TX 75023, 214-575-2130 circle no. 418, p. 80 
Visible Systems Corp., The Bay Colony Corporate Center, 
950 Winter St., Waltham, MA 02154, 617-890-2273 

circle no. 419, ** 

Wintek Corp., 1801 South St., Lafayette, IN 47904, 800- 
742-6809 circle no. 420, ** 


PRINTED-CIRCUIT-BOARD CAD 


Accel Technologies Inc., 6825 Flanders Dr., San Diego, CA 
92121, 619-554-1000 circle no. 421, p. 82 

Automated Systems Inc., 1505 Commerce Ave., Brookfield, 
Wl 53005, 414-784-6400 circle no. 422, ** 

BV Engineering Professional Software, 2023 Chicago Ave., 
Suite B13, Riverside, CA 92507, 714-781-0252 

circle no. 423, ** 

CADAM/P-CAD, 1290 Parkmoor Ave., San Jose, CA 95126, 
408-275-6585 circle no, 424, p. 82 

Cadence Design Systems Inc., Advanced CAE Division, 2 
Lowell Research Center Dr,, Lowell, MA 01852, 508-458- 
1900 circle no. 425, p. 82 

Hewlett-Packard Co., 3404 East Harmony Rd., Fort Col¬ 
lins, CO 80525, 303-229-3800 circle no. 426, p.82 


Mentor Graphics Corp., 1940 Zanker Rd., San Jose, CA 
95112, 408-436-1500 circle no. 427, p, 82 

MicroWay Inc., P.O. Box 79, Kingston, MA 02364, 508- 
746-7341 circle no, 428, ** 

MIhalisIn Associates, 600 Honey Run Rd., Ambler, PA 
19002, 215-646-3814 circle no. 429, ** 
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Teradyne EDA, 5155 Old Ironsides Dr,, Santa Clara, CA 
95054, 408-980-5200 circle no. 436, p. 82 
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DATA CAPTURE, ANALYSIS, AND DISPLAY 


BBN Software Products, 10 Fawcett St., Cambridge, MA 
02138, 617-873-5000 circle no. 439, ** 

Binary Engineering, 400 Fifth Ave., Waltham, MA 02154, 
617-890-1812 circle no, 440, p, 88 

Burr-Brown Corp., 6730 South Tucson Blvd., Tucson, AZ 
85706, 800-548-6132 circle no. 441, p. 88 

BV Engineering Professional Software, 2023 Chicago Ave., 
Suite B13, Riverside, CA 92507, 714-781-0252 

circle no. 442, p. 88 


Data Translation Inc., 100 Locke Dr., Marlboro, MA 01752, 
508-481-3700 circle no. 443, p. 86 

DSP Development Corp., One Kendall Square, Cambridge, 
MA 02139, 617-577-1133 circle no. 444, p. 88 

Hyperception Inc., 9550 Skillman, Suite 302, Dallas, TX 
75243, 214-343-8525 circle no. 445, p. 86, 88 
Integral Signal Processing, P.O. Box 27661, Austin, TX 
78755, 512-346-1451 circle no. 446, ** 

Jandel Scientific, 65 Koch Rd., Corte Madera, CA 94925, 
415-924-8640 circle no. 447, p. 88 

Keithley Asyst, 100 Corporate Woods, Rochester, NY 
14623, 800-348-0033 circle no. 448, p. 86 

Laboratory Technologies Corp., 400 Research Dr., Wilming¬ 
ton, MA 01887, 508-657-5400 circle no. 449, p. 86 
The MathWorks Inc., 21 Eliot St., South Natick, MA 01760, 
508-653-1415 circle no, 450, ** 

MicroWay Inc., P.O. Box 79, Kingston, MA 02364, 508- 
746-7341 circle no. 451, p. 88 

Mihalisin Associates, 600 Honey Run Rd., Ambler, PA 
19002, 215-646-3814 circle no. 452, p. 88 

National Instruments Corp., 6504 Bridge Point Parkway, 
Austin, TX 78730, 512-794-0100 circle no. 453, p. 86 
Plotworks Inc., 16440 Eagles Crest Rd., Ramona, CA 
92065, 619-457-5090 circle no. 454, ** 

Scientific Software Tools Inc., 30 East Swedesford Rd., 
Malvern, PA 19355, 215-889-1354circle no. 455, p. 86 
Signal Analytics Corp., 374 Maple Ave. East. Suite 200, 
Vienna, VA 22180, 703-281-3277 circle no. 456, ** 
Signal Technology Inc., 120 Cremona Dr., Goleta. CA 
93117, 805-968-3000 circle no. 457, p. 86, 88 
Soft Warehouse Inc., 3615 Harding Ave., Suite 505, Hon¬ 
olulu, HI 96816, 808-734-5801 circle no. 458, ** 
Speakeasy Computing Corp., 224 South MIchigah Ave., 
Chicago, IL 60604, 312-427-2400 circle no. 459, p. 88 
Spectrum Signal Processing Inc., 460 Totten Pond Rd.. 4th 
Floor, Waltham, MA 02154, 617-890-3400 

circle no. 460, p. 86 
Spectrum Signal Processing Inc., 3700 Gilmore Way, Bur¬ 
naby, B.C. Canada V5G 4M1, 604-438-7266 

circle no. 461, p. 86 



Introducing a new analysis product for electrical engineers 


MSC/EMAS" 


a general purpose two- and three-dimensional 
ElectroMagnetic Analysis System for eiectricai 
engineers who require comprehensive anaiysis 
capabiiities. MSC/EMAS soives eiectric and magnetic fieid probiems for iinear, non¬ 
linear and anisotropic materiais. With MSC/EMAS, users can anaiyze the entire 
range of eiectromagnetic behavior from eiectrostatics and nonlinear magneto¬ 
statics to eddy currents and wave propagation. Best of aii, these varied phenomena 
can be accurateiy simuiated under the umbreila of one program. 

MSC/EMAS is based on the analyticai engine of MSC/NASTRAN,™ the worid’s 
ieading finite eiement analysis program. MSC/EMAS retains the computational effi¬ 
ciencies of MSC/NASTRAN whiie incorporating a new and unique formulation of 
Maxweli’s equations for use in eiectromagnetic applications. 

Ciosely integrated with MSC/EMAS is a state-of-the-art, interactive pre- and post¬ 
processor, MSC/XL,™ which aliows users to build and refine modeis and dispiay 
analysis resuits in a variety of formats. This graphical interface features a modern 
menu structure, a powerfui command language, automated meshing, a user- 
defined caiculator, and advanced color graphics. Together, the combination of anal¬ 
ysis capabiiities, proven computational abilities, and powerfui graphics makes 
MSC/EMAS the premier software package for eiectricai engineers. 

MSC/EMAS aiiows engineers to obtain complex design information that would 
otherwise be feasible only through prototype, estimation, or speciai purpose analy¬ 
sis programs. The ease of use and flexibility of MSC/EMAS faciiitafe greater explo¬ 
ration of design concepts eariy in the development process, when change is most 
easily accommodated. With feasibility and performance determined eariy in the 
design cycie, the insights gained through anaiysis become the basis for fewer and 
more successful prototypes. 

MSC/EMAS is available on a variety of computer platforms ranging from engineer¬ 
ing workstations to supercomputers. 
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dV Timing Diagram 


dt Accelerator 

The Digital Designer’s 
Spreadsheet 

□ Create timing diagrams in minutes 

□ Get effective tradeoffs on memory, 
wait states and iogic speeds 

□ Anaiyze worst-case uncertainty 

□ Display available time between edges 

□ Create timing documentation 
quickly and easily 

CALL Doctor Design for your FREE DEMO! 

619-457-4545 

5415 Oberlin Drive San Diego, CA 92121 

Circle No. 219 


CAPLIN 

Interactive PC Control Analysis 
Program for Linear Continuous and 
Discrete Multirate Systems 

• Based on a mainframe control analysis 
program used in the aerospace industry 
for more than 20 years 

• s, z, w, w' plane 

• Transfer function evaluation, frequency 
response, root locus, time response, 
eigenvalues, sampled-data transforms 
(including multirate) 

• Block diagram algebra 

• Auto connection of s & z plane transfer 
functions, zero-order hold blocks 

• Multirate analysis by Kalman Bertram 
method or frequency decomposition 

• Solution to IEEE CACSD Benchmark Prob. 
No. 3 (IEEE Control Systems Magazine, 
8/89 issue) 

• Limitations: 30th order transfer functions 
and polynomials, 25 continuous connection 
blocks, 20 discrete connection blocks, 5 
zero-order hold connection blocks 

• Requires: DOS 3.X and math coprocessor 

• CGA, EGA, VGA, Hercules or compatible 

• Prompt or command line modes, batch 
files, on-line help, DIARY & SHELL 
commands 

• Functional demo disk available 

• Introductory price $195 (student version 
$49) plus shipping and handling 

CAPLIN Software 
RO. Box 7000-^AP 
Redondo Beach, CA 90277 
(213) 373-7687 


Spiral Software, 6 Perry St., Suite 2, Brookline, MA 02146, 
617-739-1511 circle no. 462, p. 88 

StatSoft Inc., 2325 East 13th St., Tulsa, OK 74104, 918- 
583-4149 circle no. 463, p. 88 

Strawberry Tree Inc., 160 South Wolfe Rd., Sunnyvale, CR 
94086, 408-736-8800 circle no. 464, p. 86 

3-D Visions Inc., 412 South Pacific Coast Highway, Suite 
201, Redondo Beach, CA 90277, 213-540-8818 

circle no. 465, p, 88 
TriMetrix Inc., 444 NE Ravenna Blvd., Suite 210, Seattle, 
WA 98115, 206-527-1801 circle no. 466, p. 88 

ZonicA&D Company, 25 Whitney Dr., Milford, OH 45150, 
513-248-1911 circle no. 467, ** 


FRAMEWORKS 


A.B. Associates Inc., 348 Eckles Dr., Tampa, FL 33612, 
813-932-9853, 813-977-4111 circle no. 468, ** 
Advanced Micro Devices Inc., 901 Thompson Place, P.O. 
Box 3453, Sunnyvale, CA 94086, 408-732-2400 

circle no. 469, ** 

Analogy Inc., 9205 S.W. Gemini Dr., Beaverton, OR 97005, 
503-626-9700 -circle no. 470, p. 91, 92 

Cadence Design Systems Inc., 555 River Oaks Parkway, 
San Jose, CA 95134, 408-943-1234 

circle no. 471, p, 92 
Cadence Design Systems Inc., Advanced CAE Division, 2 
Lowell Research Center Dr., Lowell, MA 01852, 508-458- 
1900 circle no. 472, p. 92 

Compact Software, 483 McLean Blvd,, Paterson, NJ 
07513, 201-881-1200 circle no. 473, p. 92 

Contec Microelectronics USA Inc., 2010 N. First St., Suite 
530, San Jose, CA 95131, 800-888-8884 

circle no. 474, ** 

Dazix, 5775 Flatiron Parkway, Boulder, CO 80301, 303- 
444-8075 circle no. 475, ** 

Data 1/0 Corp., 10525 Willows Rd, N.E., Redmond, WA 
98073, 206-881-6444 circle no. 476, p. 92 

Digital Equipment Corp., 4 Results Way, Marlboro, MA 
01752, 508-467-3106 circle no. 477, p. 92 

Eckert Enterprises, 9091 Bermuda Dr., Huntington Beach, 
CA 92646, 714-968-1158 circle no. 478, p. 91 

EESof Inc., 5601 Lindero Canyon Rd., Westlake Village, 
CA 91362, 818-991-7530 circle no. 479, p. 91, 92 
EPIC Design Technology Inc., 2900 Lakeside Dr., Suite 
205, Santa Clara, CA 95054, 408-988-2944 

circle no. 480, p. 92 
GenRad Inc., 300 Baker Ave., Concord, MA 01742, 508- 
369-4400 circle no. 481, p. 92 

Harris Corp., Scientific Calculations Division, 7796 Victor- 
Mendon Rd., P.O. Box H, Fishers, NY 14453, 716-924- 
9303 circle no. 482, p. 92 

Hewlett-Packard Co., 8245 North Union Blvd,, Colorado 
Springs, CO 80901, 719-590-5812 circle no, 483, ** 
InterACT Corp., 417 Fifth Ave., New York, NY 10016, 212- 
696-3700 circle no. 507, ** 

Logical Devices Inc., 1201 N.W. 65th Place, Fort Lauder¬ 
dale, FL 33309, 305-974-0967 circle ho, 484, ** 
Mentor Graphics Corp., 8500 S.W. Creekside Place, 
Beaverton, OR 97005, 503-626-7000 

circle no. 485, p, 92 
Meta-Software Inc., 1300 White Oaks Rd,, Campbell, CA 
95008, 408-371-5100, circle no. 486, p. 91, 92 
MicroSim Corp., 20 Fairbanks, Irvine, CA 92718, 714-770- 
3022 circle no. 487, ** 

Omation Inc., 801 Presidential Dr., Richardson, TX 75081, 
800-553-9119 circle no. 488, ** 

OrCAD L.P., 3175 N.W. Aloclek Dr., Hillsboro, OR 97124, 
503-690-9881 circle no. 489, ** 

Phase Three Logic Inc., 1600 N.W. 167th Place, Beaver¬ 
ton, OR 97006, 503-645-0313 circle no. 490, p. 91 
Quad Design Technology Inc., 1385 Del Norte Rd., Camaril¬ 
lo, CA 93010, 805-988-8250 circle no. 491, p. 91 
Quantic Laboratories Inc., 1250 Aviation Ave., Suite 200D, 
San Jose, CA, 408-286-5576 circle no. 492, p. 91 
Seattle Silicon. 3075 112th Ave. NE, Bellevue, WA 98004, 
206-828-4422 circle no. 493, p. 91 

Silvar-Lisco, 703 E. Evelyn Ave., Sunnyvale, CA 94086, 
408-991-6000 circle no. 494, p. 92 

Sonnet Software. 101 Old CoveRd., Liverpool, NY 13090, 
315-453-3096 circle no. 495, p. 92 

Spectrum Software, 1021 South Wolfe Rd., Sunnyvale, CA 


94086, 408-738-4387 circle no. 496, ** 

Swiftlogic Inc., 5201 Great American Parkway, Suite 3220 
Santa Clara, CA 95054, 408-562-5060 

circle no, 497, p. 91 
Synopsis Inc., 1098 Alta Ave., Mountain View, CA 94043, 
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PSpice 



The Standard 
for Circuit 
Simulation 



Analog and digital waveforms 
vdth a common time axis 


For further information about 
our PSpice family of products 
please write or call 
(800) 245-3022 
(714) 770-3022 

Find out for yourself why 
PSpice has become the standard 
for circuit simulation. 


The PSpice family of products includes both the Circuit 
Analysis and Circuit Synthesis packages. The Circuit 
Analysis package contains our PSpice circuit simulator 
and its options. The Circuit Synthesis package contains 
our filter synthesis products, Advanced Filter Designer 
and Standard Filter Designer. 

The PSpice circuit simulator is an integrated package for the 
analysis of electronic and electrical circuits. The software enables 
you to create a “computer breadboard” of your circuit for testing 
and refinement without building hardware. 

A wide variety of circuits can be analyzed using PSpice. These 
range from precision instmmentation amps, to microwave mixers, 
to switching power supplies, to digital control circuits. Our 
capability to analyze mixed analog/digital circuits is unique within 
the industry. 

Introduced over six years ago, MicroSim’s PSpice has more copies 
sold than all other SPICE based programs combined. PSpice has 
a reputation for extensive capabilities, accurate results, diverse 
options, and availability across a range of computer platforms. 
PSpice includes an extensive device library of 3,000+ analog parts 
and 1,200+ digital parts, at no extra charge. 

The PSpice options include: 

Digital Simulator, which allows the simulation of mixed 
analog/digital circuits with feedback between the analog and 
digital sections. 

Monte Carlo Analysis, which calculates the variations in a 
circuit’s performance allowing for component tolerances. This 
option performs statistical analyses: Monte Carlo, Sensitivity, 
and Worst Case. 

Analog Behavioral Modeling, which allows you to describe 
analog components, or entire circuit blocks, using a formula or 
a look-up table. 

Probe, which acts as a “software oscilloscope” to provide an 
interactive viewing environment for simulation results (see 
photo). 

Parts, which is a parameter extraction program allowing the 
extraction of device model parameters from data sheet 
information. 

PSpice is available on the PC family (running DOS, Protected 
Mode DOS, or OS/2), Macintosh II family. Sun 3, Sun 4, and 
SPARCstation families, HP/Apollo series 2500, 3500, and 4500 
workstations, DECstation 2100, 3100, and 5000, and the VAX/ 
VMS family. 

Advanced Filter Designer is an interactive design aid for the 
synthesis and analysis of active filters. Available filter types 
include low pass, high pass, band pass, and band reject, all of which 
may be synthesized using Butterworth, Chebyshev, Inverse 
Chebyshev, and Elliptic (Cauer) functions. There is also the 
capability to synthesize arbitrary transfer functions and delay 
equalization filters. For those who do not need all features of the 
Advanced Filter Designer, a less sophisticated Standard Filter 
Designer package is available. Standard Filter Designer includes 
all of the features of the Advanced Filter Designer, except for the 
capability to synthesize arbitrary transfer functions and delay 
equalization filters. 

Each copy of our Circuit Analysis and Circuit Synthesis programs 
comes with our extensive product support. Our technical staff has 
over 150 years of experience in CAD/CAE, and our software is 
supported by the engineers who wrote it. 

20 Fairbanks • Irvine, CA 92718 USA • FAX (714) 455-0554 


Circle No 207 

























DADiSP — interactive graphics and data analysis soft¬ 
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from himdreds of analysis functions and graphic views — 
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 

Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSP’s 
powerful graphic spreadsheet automati¬ 
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 

Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
— all at the press of a key. 

Let your instruments do the talking — use DADiSP- 
488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 


Flexible, expandable, customizable — annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and nm any program written in any language from 
within DADiSP. DADiSP even lets you build 
your own menus. 

A proven standard — already used by 
thousands of engineers and scientists world¬ 
wide, in a whole range of applications like 
medical research, chemistiy, vibration 
analysis, commimications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 


GET THE PICTURE! 800-424-3131 
IN MA: 617-577-1133 
Ask for our Evaluation Disk. For more 
information, write to DSP Development Corporation, 
One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 
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[2] An automatic controller for a vehicle provides a simple appli¬ 
cation of fuzzy set theory. Such a controller is designed to optimize 
travel time by monitoring speed and distance from a destination 
and reacting accordingly. Its three inputs are present speed, ac¬ 
celeration, and distance from the destination; its one output is 
motor power. 

The vehicle is currently laboring ever more slowly up a steep 
hill. The membership functions assign linguistic variables to the 
inputs: acceleration, “decelerating"; distance, “close’—both with 
a weight of 1. The present speed is a member of the linguistic vari¬ 
able “slow" and “too slow," with weights of 0.8 and 0.2, respec¬ 
tively. 

The rule set consists of several rules, but only three are shown 
executing here: 

IF speed is TOO slow and acceleration is decelerating, 

THEN INCREASE POWER GREATLY 
IF speed is slow and acceleration is decelerating, 

THEN INCREASE POWER SLIGHTLY 

IF distance is close, 

THEN DECREASE POWER SLIGHTLY 

The confidence level of the result of any rule will be the mini¬ 
mum of the confidence levels of any of the input variables to that 
rule, causing the output to be “clipped." The centroid of the three 
areas is calculated to find the appropriate output of the system, 
in this case a moderate increase in power, because, although the 
vehicle is slowing on the hill, the destination is near. 

The Fuzzy VME Accelerator board is priced at US $4500, and the 
FCllO processor alone sells for US $80 when purchased in quan¬ 
tities of 1000. 

The largest consortium for fuzzy research is the Laboratory for 
International Fuzzy Engineering (Life), Yokohama, which was or¬ 


ganized by the Japan Ministry of International Ifade and Indus¬ 
try (MITI). It boasts an impressive membership of 45 companies 
from Japan and Japanese subsidiaries of US. and European com¬ 
panies, including Hitachi Ltd., Sony Corp., IBM Japan, and 
Thomson Japan K.K, and is planned to continue until at least 1995. 
With a proposed budget of 5 billion yen (US $35 million). Life 
is conducting basic research on fuzzy control and information pro¬ 
cessing with universities and member companies, with intellectu¬ 
al property to be owned jointly by Life and its consortium 
members. 

In the United States, the business community is beginning to 
take note. Fuzzy Venture Partners of Santa Monica, Calif., has 
formed the Fuzzy Venture Partners Fund, a US $70 million limited- 
partnership, specialty venture-capital fund. Aimed at start-up com¬ 
panies, the fund provides financial support and expertise to en¬ 
trepreneurs involved in the development of fuzzy systems. Limited- 
partnership interests start at US $2 million. 

Fields of expertise 

Although the applications listed here have concentrated on more 
traditional control approaches, fuzzy logic is very powerful in fields 
such as expert systems, decision-making, and information pro¬ 
cessing. A program employed by Tokyo’s Yamaichi Securities Co., 
uses fuzzy decision-making to manage a 50 billion yen (US $350 
million) stock market portfolio. The Sony PCT-500 handheld com¬ 
puter uses a fuzzy recognition system to interpret over 3000 hand¬ 
written Japanese characters as input. Retailing for 198 000 yen (US 
$1400), it eliminates the need for a large and cumbersome k^fboard. 
In the United States, research is being conducted by the National 
Aeronautics and Space Administration into the use of fuzzy logic 
to dock spacecraft, reducing the possibility of human error. 

Undoubtedly, fuzzy logic is a fast, cost-effective method for au¬ 
tomated control in many systems. Products designed with fuzzy 
logic boast simpler, more user-friendly controls, are easier to con¬ 
struct and test, and offer smoother control than those using tradi¬ 
tional systems. While it has been slow to be adopted outside of 
Japan, its wide-ranging applicability ensures it increasing impor¬ 
tance as a method of system control. 

The fuzzy future 

“The primary barrier to the use of fuzzy logic is a psychologi¬ 
cal one, not a coimnercial one,” observed Camerone Welch of the 
Gartner Group Inc., a technology-related information service com¬ 
pany that is located in Stamford, Conn. “There is a big reluctance 
to use it until someone in the U.S. market proves it can work, like 
an IBM or DEC. When that happens, fuzzy technology will take 
the United States like it has Japan, and the people who are pre¬ 
pared will cash in.” 

To probe further 

Numerous journals and papers deal with fuzzy theory and ap¬ 
plications. Major periodicals in the field include the Internation¬ 
al Journal of Fuzzy Sets and Systems, and North American Fuzzy 
Information Processing Society’s International Journal of Approx¬ 
imate Reasoning, edited by James Bezdek of the University of West 
Florida. Both are published in Amsterdam, the Netherlands, by 
North-Holland. 

Fuzzy Sets and Applications: Selected Papers by L. A. Zadeh 
(ed. R.R. Yager et al., John Wiley & Sons, New York, 1987) pro¬ 
vides a good overview of fuzzy set theory. The application of fuzzy 
systems to industrial control is discussed in Industrial Applica¬ 
tions of Fuzzy Control by Michio Sugeno, published by North- 
Holland of Amsterdam. Current work combiiting the fields of 
fuzzy logic and neural networks is described by Bart Kosko in Neu¬ 
ral Networks and Fuzzy Systems (Prentice-Hall, Englewood Cliffs, 
N.J., 1990). 

The author gratefully acknowledges the assistance of the late 
Sam Bedrosian, professor of electrical engineering at the Univer¬ 
sity of Pennsylvania in Philadelphia, who provided material for 
this article. ♦ 
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How to select a 
microcontroller 

Word length, input/output requirement, and the economics 
of on- and off-chip memory are among the factors to be weighed 


To most of the world, the microcontroller is an un¬ 
seen workhorse embedded in automobiles, micro- 
wave ovens, guided missiles, talking dolls, and a 
myriad of other applications. Unlike micropro¬ 
cessors, which are designed for a broad range of ap¬ 
plications, microcontrollers are generally designed 
with a specific application in mind. 

For the designer of an embedded system, howev¬ 
er, the choice of a microcontroller is the earliest and 
probably the most important to be made. Deliver¬ 
ing the final product on schedule, within budget, and to specifi¬ 
cation will depend heavily on making the right decision. 

But how best to decide? This set of guidelines is for the neo¬ 
phyte designer to use as a checklist for evaluating candidate 
devices. And even experienced designers may discover in it selec¬ 
tion criteria they have overlooked. 

A microcontroller is generally dedicated to a single applica¬ 
tion and embedded in it. Unlike a microprocessor, it tends to in¬ 
clude all of the peripheral features needed to implement the com¬ 
puter portion of an embedded application. Because their 
application constraints are known at the time of design, the 
designer is able to select the lowest-cost controller that can do 
the job. (By contrast, microprocessors usually wind up in general- 
purpose computers whose final use is not known in advance to 
their designers.) 

Bounding the problem 

The first decision to make is the level of performance required, 
that, on the word size of the controller. Those available can be 
grouped broadly as 4-, 8-, 16- and 32-bit products. 

Standard benchmarks of the type used to describe micropro¬ 
cessors are inappropriate for this evaluation. They must be 
replaced by criticd real-time calculations and physical constraints 
peculiar to the system being designed. Critical calculations are 
those that, if not completed within a specified period of time, 
cause the system to lose synchronization, create a dangerous sit¬ 
uation, or generate wrong results. For instance, if a simple timer 
is to generate a square wave of a given frequency, the central 
processing Unit (CPU) must be fast enough to calculate the time 
at which each edge should occur and to program the timer ap¬ 
propriately. 

Physical constraints imposed by the system, such as precision 
and dynamic range, determine CPU class. For instance, a numer¬ 
ically controlled machine might require a relative accuracy of 1 
degree within a single revolution of an axis. For this accuracy, 
an 8-bit data value, which can resolve no more than 1 part in 256, 
is inadequate, whereas a 16-bit data value will represent 1 part 
in 65 536, or about 20 seconds of arc. 

Dynamic range further constrains the system. If the same ma¬ 
chine must also be able to provide an absolute accuracy of 1 de¬ 
gree over 1000 revolutions of a lead screw, even 16 bits cannot 
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represent the full range. In such a case, the designer 
could choose a 32-bit solution or, if extremely wide 
dynamic range is necessary, resort to a floating-point 
number system. 

The designer is cautioned, however, that choos¬ 
ing a CPU on the basis of a single calculation could 
be a mistake. If the application generally requires 
lower-resolution calculations, it may be better to se¬ 
lect a processor that matches just the predominant 
operations, while performing the higher-resolution 
calculations in subroutines. In most applications, for example, 
a good floating-point math package is superior to floating-point 
hardware. 

The second step—the most often overlooked—is to identify 
the quantity, frequency, and type (analog, digital, serial, and so 
on) of all input/output (I/O) signals, as well as any other special 
requirements, including those imposed by mechanical aspects of 
the system. Key to this part of the selection process is a complete 
top-level block diagram of the overall system. Although it is not 
important to assign microcontroller peripheral functions at this 
stage, a preliminary partitioning might be helpful in identifying 
system requirements. 

The third consideration is the application’s memory require¬ 
ments, which should be further broken down into program mem¬ 
ory and data memory. Microcontroller memory may be catego¬ 
rized broadly as volatile and nonvolatile. Volatile random-access 
memory (RAM) retains data only while power is applied; it is 
generally used for data memory. Nonvolatile read-only memory 
(ROM) retains its contents permanently; it typically contains the 


Defining terms 

Benchmark: a standardized test or suite of tests for compar¬ 
ing computer performance; aiso, the act of determining a 
benchmark. 

Dynamic range: the ratio of the iargest to the smai iest vaiues 
of a range, often expressed in decibeis. 

Embedded system: a system into which one or more comput¬ 
ing devices (which may be microprocessors or microcon- 
troiiers) are incorporated in such a way that the embedded 
device or devices are not directiy accessibie to the user of 
the system. 

Floating point: the representation of numbers in scientific no¬ 
tation, with the exponent and mantissa given separateiy, so 
as to be abie to accommodate a very wide dynamic range. 
Mask-programmed: said of a semiconductor device, most 
often a read-only memory, that is permanently programmed 
as a step in its manufacture. In contrast, “field-programmed” 
applies to memory devices that are programmed after 
manufacture. 

NMOS: n-channel metal-oxide-semiconductor, a type of MOS 
field-effect transistor. 

RFI: Radio-frequency interference. (Usually) unintentionally 
radiated electromagnetic energy that may interfere with the 
operation of, or even damage, electronic equipment. 
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application program of the embedded system. 

Nonvolatile memory comes in four variants: electrically 
programmable ROM (EPROM); electrically erasable/program¬ 
mable ROM (EEPROM); one-time-programmable EPROM; and 
mask-programmed ROM, which is programmed permanently at 
the time of manufacture. EPROM and EEPROM devices, being 
erasable, are intended primarily for development purposes. They 
are also the most expensive variants because of package cost, pro¬ 
cess complexity, and die size . (An EPROM is erased using strong 
ultraviolet light and therefore requires a package with a quartz 
window.) 

One-time-programmable memories are standard EPROM 
parts packaged in low-cost plastic packages without quartz win¬ 
dows. Because they can be programmed by the user, they elimi¬ 
nate the cycle time required to produce mask-programmed ROMs. 
They are therefore ideal for pilot production runs. Once the pro¬ 
gram code is verified and the application has achieved high vol¬ 
ume, mask-programmed ROM offers lower overall cost. 

An emerging memory technology is flash EEPROM, which 
offers denser storage than conventional EEPROM. What it gives 
up is the ability to erase selected bytes of data. Instead, like an 
EPROM, it allows the user to erase everything and start over. Few 
of today’s microprocessors use this new technology, but it 
promises to be popular in the future. 

EEPROM is a microcontroller feature that has yet to reach its 
full potential. Many designers think of it merely in terms of pro- 
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gram storage, not as a strategic peripheral. However, it can do 
much more. For example, in an application developed in the com¬ 
puter peripheral industry, mechanical and electrical adjustments 
traditionally implemented with set screws and potentiometers 
were replaced with parameters stored in EEPROM. 

Additional locations in the EEPROM store the date of 
manufacture, model and serial numbers, and other data describ¬ 
ing the product. Warranty service can make use of the informa¬ 
tion stored in the product during manufacture, as well as addi¬ 
tional data gathered during field operation. 

Estimating the amount of memory to allocate for program stor¬ 
age will be one of the tougher parts of the selection process. There 
is no magical rule of thumb. Past experience coupled with a first- 
pass flowchart and pseudocode examples are likely to be the most 
appropriate available tools. Simple applications, such as electron¬ 
ic thermostats, may require as few as 2K bytes, while complex 
applications, such as engine controls, may require 64K or more. 

Sufficient RAM must be allocated in the system to store vari¬ 
ables, the system stack frame, a scratchpad for intermediate cal¬ 
culations, and any data arrays or buffers. These values will be 
affected by the programming language used to develop the ap¬ 
plication (system stack), the selected partitioning of the prob¬ 
lem (variables), and even the hardware configuration (data 
buffers). Preliminary estimates for variable stack and scratch¬ 
pad storage are often done by taking a percentage of the ROM 
estimate. The rule of thumb used by the authors is a ROM to 
RAM ratio in the range of 12-20:1. Applications written in as¬ 
sembly language will tend toward the lower number, while com¬ 
piled code will require the higher amounts. Large data buffers 
should be added to this estimate. 

Mapping I/O to peripherals 

Peripheral functions commonly integrated on microcontrollers 
include timers, serial and parallel communications ports, and 
analog-to-digital (A/D) converters. Timers range from simple 
counters to complex subsystems with dedicated microengines in¬ 
corporating reduced-instruction-set computer (RISC) architec¬ 
ture. Timer systems are commonly called upon to generate peri¬ 
odic interrupts, capture the time an input event occurs, or generate 
output events at specified times. The more complex timers can 
produce the pulse trains required of multiphase stepper motors 
or even of sequencing the fuel injectors in an automobile engine 
without CPU intervention. The frequencies of the input and out¬ 
put signals generally dictate how timer complexity should be trad¬ 
ed off against the CPU overhead required for servicing the 
peripheral. 

External peripherals added to provide functions not usually 
found on microcontrollers may be interfaced through either a par¬ 
allel (address, data and control) bus or a serial port. The paral¬ 
lel bus is conceptually simple, but fraught with many practical 
problems because of its rapid switching of many data lines. It 
generates a lot of radio frequency interference (RFI), and it con¬ 
sumes a lot of power. 

For applications that would be handled by a single chip ex¬ 
cept for a single special function, it is best to add the peripheral 
via a serial bus. Only two or three pins are required, RFI is gener¬ 
ated only during serial transmissions, and power consumption 
rises only slightly. A variety of chips that perform peripheral func¬ 
tions are marketed with serial interfaces. Among them are A/D 
converters, phase-locked loop (PLL) building blocks, real-time 
clocks, display drivers, and EEPROMs. 

Parallel I/O can be found on virtually all microcontrollers, but 
the ports are not all equivalent. The more versatile permit pins 
to be defined as input or output on a per-bit basis. That can be 
important if system parameters are subject to change before the 
design is complete (as is usually the case). Other, less flexible de¬ 
signs offer fixed direction, input-only, or output-only pins. Be¬ 
ware also of manufacturers’ claims for large numbers of I/O pins, 
which in reality are available only if all the other on-chip peripher¬ 
als are disabled. 


A/D converters are found on many microcontrollers. Convert¬ 
ers with 8- or 10-bit ranges are most common, but not all manu¬ 
facturers offer the same resolution for a given range. The specs- 
manship issues that apply to stand-alone A/D converters are an 
even bigger problem with converter ICs. If the intended purpose 
is much more demanding than checking battery voltage, care must 
be taken to examine all the specifications of this subsystem. 

An application that seems to require a unique peripheral may 
not after all, for it is often possible to minimize cost by using 
available peripherals in innovative ways. Digital-to-analog (D/A) 
converters, for example, are seldom integrated into microcon¬ 
trollers. When one is needed, however, the resourceful engineer 
will provide one economically by integrating a pulse-width- 
modulated waveform generated by an on-chip timer. The integra¬ 
tor can be as simple as a passive RC low-pass filter. 

Peripherals requiring frequent interrupt service consume valu¬ 
able CPU bandwidth. Several methods employed by microcon¬ 
troller designers reduce interrupt overhead. Unique vectors for 
each interrupt source, multiple priority levels, and hardware pri¬ 
ority resolution circuits eliminate software polling of interrupt 
sources. Interrupt-driven direct-memory-access (DMA) peripher¬ 
als transfer data with minimal CPU service overhead, although 
they still require considerable bus bandwidth. Other designs get 
rid of service requirements altogether by distributing enough in¬ 
telligence to the peripheral to eliminate CPU servicing completely 
during normal operation. 

Bus bandwidth is affected by two components: bus width and 
transfer rate. Boosting either causes a corresponding increase in 
bandwidth. Unfortunately, this bandwidth increase normally im¬ 
plies a cost increase as well. Microcontroller architects have 
designed features into high-end products that minimize the ef¬ 
fect of greater bandwidth on system cost. Seldom will all mem¬ 
ory and peripherals in a system need to be accessed at the highest 
possible rate. Infrequently accessed devices can be replaced with 
lower-cost, slower devices if wait state capabilities have been 
designed into the bus structure. 

Microcontrollers with dynamically sized buses permit memo¬ 
ries of different widths to coexist on the same bus. Resources re¬ 
quiring high bandwidth, such as the stack RAM, can occupy the 
full bus width. Locations accessed less often, such as the boot 
ROM, can be configured for the width of a single memory part. 
Reducing the number of devices by means of dynamic sizing 
minimizes use of printed-circuit board area, increases reliabili¬ 
ty, and decreases RFI. 

Cost, packaging, operating environment, and other physical 
conditions further constrain the designer; These constraints must 
be spelled out clearly early on, for they bear directly on the 
microcontroller selected. Power consumption and temperature 
range dictate the processing technology(ies) suitable for the ap¬ 
plication. If the product is battery powered or will operate over 
an extended temperature range, a CMOS version would be the 
better choice. For an application in which these criteria are less 
important, an NMOS processor could offer a cost advantage. 

Single-chip or expanded? 

Microcontrollers often support multiple modes of operation 
for a better match to the application at hand. The two most com¬ 
mon modes are single-chip and expanded. In the first of these, 
all aspects of the computer are contained on the microcontroller 
chip. The address, data, and control buses required for memory 
or peripheral expansion are not brought out to pins. In the ex¬ 
panded mode, these buses are made available. Microcontrollers 
capable of both single-chip and expanded modes fit well in ap¬ 
plications where future upgrades or cost reductions are likely and 
a consequent complete rewrite of the application software un¬ 
desirable. 

Choosing between a single- and multi-chip solution depends 
heavily on memory size. Technology currently limits on-chip 
memories to 32K bytes for program (nonvolatile) storage and 1- 
2K bytes for data RAM. Otherwise, an expanded system using 
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Common microcontroller peripheral functions and their application: 


Function 

Automotive 

Consumer 

Computer peripheral 

4-, 8-bit central pro¬ 
cessing unit (CPU) 

Radio 

Microwave oven 

Keyboard 

16-bit CPU 

Antilock brake 
system 

Audio 

Disk drive 

32-bit CPU 

Engine control 

- 

Intelligent disk con¬ 
troller 

Electrically erasable/ 
programmable ROM 

Odometer 

Television channel 
programming 

Modem configura¬ 
tion parameters 

Timer 

Fuel Injection timing 

Camera shutter 
speed 

Mouse optical shaft 
encoder 

Asynchronous serial 

Communication 
throughout car 

Alarm system key¬ 
pad communication 

RS232 link for 
modem 

Synchronous serial 

Vacuum fluorescent 
driver interface 

Audio interchassis 
communication 

Real-time clock 
interface on PC 

Analog/digital con¬ 
verter 

Manifold air 
pressure (engine 
control) 

Temperature sensor 
for air-conditioning 
thermostat 

Battery voltage for 
portable PC 

Parallel I/O 

Dashboard lamp 
driver 

Videocassette 
recorder front panel 
switches 

Status lights on 
keyboard 


external memory ICs will be needed. 

The distribution of on-chip versus external memory can af¬ 
fect total IC cost significantly. Since memories are only availa¬ 
ble in a limited range of sizes and on-chip memories are more 
expensive (on a per-bit basis) than external memory, it may be 
advantageous to move all program and/or data memory off chip 
in exchange for a less expensive microcontroller chip. Several 
manufacturers offer microcontrollers with little or no on-chip 
memory for this very reason. 

In addition to memory size, other obvious factors that affect 
the single-chip vs. multi-chip decision are power consumption, 
peripheral mix, and cost. But there are also less obvious factors. 
For instance, microcontroller-generated RFI is a major concern 
in RF communication applications. High-speed digital outputs 
contribute significant energy to the radio spectrum. Confining 
these signals on chip, where capacitive loads and signal line 
lengths are reduced up to 100 times, significantly reduces emis¬ 
sion levels. Realizing the problems that high-frequency signals 
cause, some microcontroller designers have gone so far as to pro¬ 
vide software-programmable disables on potentially unused high¬ 
speed outputs. 

The selection process 

During the initial search, an absolute match between require¬ 
ments and features is not necessary. Minor alterations to the re¬ 
quirements or the addition of a peripheral chip could create the 
most cost-effective solution from a less-than-perfect pairing. 

The feature evaluation process should begin with a ranking of 
the requirements in order of descending priority, as determined 
by the application. If any requirements were not mapped to 
peripheral functions during the partitioning for the block dia¬ 
gram, they should be mapped at this point. This mapping will 
not restrict the selection to a particular device or manufacturer, 
but will identify the microcontroller features sufficiently for the 
selection process to progress. The designer is cautioned that 
devices may surface during the selection process that would be 
a perfect fit if only the system had been partitioned differently. 
An open mind will permit these possibilities to emerge. 

The procedure at this stage is to compare each candidate 
microcontroller with the peripheral mapping and other require¬ 
ments, retaining for further study any devices that match most 
of the requirements. If none is appropriate, the questions to ask 
are: Which criteria caused the most problems in finding a match? 
Could the offending requirements be altered? If not, would a 
repartitioning of the problem alleviate them? Several iterations 


may be necessary at this stage before a suitable chip 
or chips are found. 

The first lists are sifted by applying more stringent 
criteria at each stage. For instance, after the field has 
been narrowed to a handful of candidates, actual ap¬ 
plication code sequences will be written and used to 
benchmark CPU performance. If undertaken before 
the list was narrowed, this step would drag out the 
evaluation inordinately. 

An established growth path could be an important 
evaluation point if a family of products is planned. 
Many vendors offer microcontroller families built 
around a common CPU core where different family 
members feature different I/O and memory mixes. 
CPU performance improvements are made through 
clock frequency increases and upgrades to the core. 

The final selection criteria are nontechnical. Poten¬ 
tial vendors should be qualified after considering the 
following criteria: product line breadth, manufactur¬ 
ing excellence, financial status, second-sourcing strate¬ 
gy, and delivery performance. Development tools must 
also be taken into account. If inadequate, they could 
place the entire project in jeopardy; therefore, it is ad¬ 
visable to spend some time understanding what is 
available for the microcontroller chosen. The entry 
cost of development tools can be high. 

Microcontroller selection is an arduous task entailing an in¬ 
ordinate number of decisions. There is no universal checklist that 
the designer can follow, only suggestions and guidelines. Ex¬ 
perience, in fact, is the second most useful tool the designer can 
possess; the most useful is a well-defined set of system require¬ 
ments. Without a list, an already difficult task becomes almost 
impossible. 

To probe further 

A good basic book is Design with Microcontrollers, by John 
B. Peatman (McGraw-Hill, 1988). It begins with an overview of 
microcontroller applications and goes on to explore the variety 
of available on-chip resources. Real-time control, the main use, 
is developed in depth. 

Real-Time Microcomputer System Design: An Introduction, 
by Peter D. Lawrence and Konrad Mauch (McGraw-Hill, 1987), 
should be useful to practicing engineers and scientists working 
in the physical, biological, and applied sciences. It presents a 
methodology for the design of real-time microcomputer systems. 

IEEE Micro magazine regularly publishes articles on new 
microcontroller and microprocessor products. The articles are 
generally written by the product designers and can provide in¬ 
formation not generally available. 

Embedded Systems Programming magazine is dedicated pri¬ 
marily to the software-related aspects of embedded-system design. 
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Are you ready for next-generation 
dynamic RAM chips? 

Chip designers must evaluate tradeoffs such as stacked versus trench 
capacitors and consider the need to minimize power consumption 


Dynamic random-access memories (DRAMs) are 
the simplest, and hence the smallest, of all semicon¬ 
ductor memories, containing only one transistor and 
one capacitor per cell. For that reason they are the 
most widely used memory type wherever high- 
density storage is needed, most obviously as the main 
memory in all types of computers. Static RAMs are 
faster, but their much larger cell size (which holds 
up to sbc transistors) keeps their densities one gener¬ 
ation behind those that DRAMs can offer. 

DRAM density has increased dramatically since the first IK- 
bit units were introduced in 1970. Today, IM-bit DRAMs are 
being produced in large quantities, and 4M-bit devices are avail¬ 
able for the latest computers. Lx)oking to the future, we see more 
powerful computers requiring even higher-density DRAMs. 

Why? 

There are two main reasons behind the demand for higher den¬ 
sity: performance and size. It is generally agreed that a computer’s 
memory size should grow in proportion to its speed if that speed 
is to be used effectively. A common rule of thumb is that the mem¬ 
ory capacity in megabytes should equal about four times the pro¬ 
cessor speed in millions of instructions per second (MIPS). How¬ 
ever, it is not acceptable to increase memory size by simply putting 
increasing numbers of low-density chips into a machine. Relia¬ 
bility would suffer. 

To keep overall system reliability at an acceptable level, the total 
number of chips in any electronic system must be limited. Today, 
the limiting number is about 10 000 chips. Therefore, using to¬ 
day’s IM-bit chips, about a gigabyte of main memory can be real¬ 
ized. More than that would require higher-density RAMs. 

Of more immediate importance today is the impact of chip den¬ 
sity on computer size. The latest workstations are capable of per¬ 
forming at more than 10 MIPS, which means their ideal memo¬ 
ry size is more than 40 Mbytes. It is impossible to build such 
machines in a desktop or laptop configuration with today’s IM- 
bit DRAMs. Using 4M-bit DRAMs, however, a laptop worksta¬ 
tion has been made with such performance. It uses a reduced- 
instruction-set computer (RISC) chip as its central processor, has 
40 Mbytes of DRAM, and delivers 13.5 MIPS. 

But that’s just for today. In a few years, computer power will 
increase by a factor of at least four, and then 16M-bit DRAMs 
will be required. And it will certainly be no more than five years 
before a need for 64M-bit DRAMs arises. How will those needs 
be met? Let’s take a look. 

The array noise problem 

Historically, each generation of DRAMs has had four times 
the capacity of its predecessor. That quadrupling has been 
achieved mainly by reducing the sizes of the individual memory 
cells within the array. Each generation has had a cell size only 
one-third that of its predecessor. In addition, its chip size has been 

Fujio Masuoka Toshiba Corp. 


about 1.5 times larger. Between them, those two fac¬ 
tors have accounted for the density increases. 

As cells have shrunk in size over the years, vari¬ 
ous problems have arisen and been dealt with. Old 
timers may recall that the 64K-bit DRAM suffered 
in its early days from soft errors caused by alpha par¬ 
ticles. That problem was solved in three main ways: 
by choosing packaging and other materials that did 
not produce alpha particles; by coating the chips 
with a polyimide layer to protect them from the par¬ 
ticles; and, in some cases, by introducing a minority-carrier bar¬ 
rier layer below the cell capacitor. 

For the 4M-bit generation, the main problem was getting 
enough capacitance for each cell. The solution was to adopt three- 
dimensional capacitor structures. 

For 16M bits and beyond, noise looms as one of the main prob¬ 
lems to overcome. As cell sizes get smaller, the bit lines (data lines) 
get closer together, and the capacitance grows between bit lines. 
As the capacitance goes up, coupling between bit lines increases, 
which means that each bit line is increasingly affected by the oper¬ 
ation of its neighboring lines. Eventually a point is reached at 
which cell data cannot be read reliably because of that inter¬ 
ference. 

Several techniques have been proposed to reduce bit line in¬ 
terference noise. Researchers at Tokyo’s Mitsubishi Electric Corp., 
for example, have proposed a twisted bit line approach, which 
would work in much the same way as twisted-pair wiring does 
in communications installations. Bit lines would be twisted with 
their complements. Noise coupled into such a pair would affect 
the two lines equally, thus effectively canceling itself. 

An alternative approach, from Tokyo’s Fujitsu Ltd., involves 
shielding the bit lines from each other by placing the cell capaci¬ 
tor between them. 

Both methods have some disadvantages. The twisted bit line 
technique may require that an additional interconnection layer 
be added to accommodate the crossover wires, or it may impose 
a chip size penalty. The shielding approach would probably re¬ 
quire more complex chip processing. Such difficulties notwith¬ 
standing, some steps must be taken to reduce this type of array 
noise in 64M-bit DRAMs. 

Supply voltages for all DRAMs have always been 5 volts, and 


Defining terms 

Array noise: unwanted disturbance in a memory 1C generat¬ 
ed by the normal movement of data within the array. 
Punch-through: a disruptive discharge through a dielectric 
layer caused by the application of an excessive electric field. 
Refresh cycle: the periodic recharging of the capacitors In a 
dynamic RAM (DRAM) array. 

Storage node: the structure in a DRAM cell on which the cell’s 
charge is stored; aiso called a storage electrode. 
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are expected to remain there. However, starting with the 16M-bit 
DRAM, that externally supplied voltage will be reduced by on- 
chip conversion circuitry to 3 or 4 V for use by the actual memo¬ 
ry elements. That reduction will both reduce chip power con¬ 
sumption and enhance reliability. 

The largest item in the power budget of a DRAM is the 
precharging and discharging of the bit lines. Therefore, power 


consumption goes up with chip density as the number of bit lines 
activated in each cycle becomes larger. To keep the power con¬ 
sumption from exceeding the dissipation capabilities of standard 
plastic packages (about 500 milliwatts), two steps can be taken: 
lowering the bit line voltage and reducing the number of bit lines 
activated in one cycle (which, of course, requires increasing the 
number of cycles). Of the two, on-chip lowering of the voltage 
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Fujitsu Ltd. ’s fin-structured cell [above, left and right. A] is one method 
of increasing the capacitance of a stacked capacitor; it has a storage node 
formed by two polysilicon layers (fins) and two gaps. Mitsubishi Electric 
Corp. ’s cylindrical cell approach [left, B] increases the capacitance of a 
stacked capacitor by increasing its height. Toshiba Corp. ’s Spread Stacked 
Capacitor [below, left and right, C] more than doubles the capacitance of 
a conventional cell by extending its storage electrode over the neighboring 
cell area. Toshiba’s Spread Source Drain shrinks the transistor area [bot¬ 
tom, left and right, DJ. Each fin or storage node is encapsulated by dielec¬ 
tric film, which is itself encapsulated by an electrode, or capacitor plate. 
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is certainly the simpler. By itself, it can keep the power dissipa¬ 
tion of 16M-bit DRAMs within acceptable limits. 

However, for even greater power savings, some chip manufac¬ 
turers have reduced the number of activated word lines (and there¬ 
fore the number of activated bit lines) in their 16M-bit DRAMs. 
Such an approach is not without difficulties, however. It requires 
more refresh cycles, which complicates overall system design and 
can adversely affect chip speed. 

In addition to cutting back on power consumption, lowering 
the bit line voltage also enhances DRAM reliability by reducing 
the strengths of the electric fields within the chip. As devices are 
scaled down and the distances between conductors get smaller, 
field strengths increase unless the voltage is lowered. 

While on-chip circuitry will be used to lower the voltage for 
16M-bit DRAMs, manufacturers have agreed to lower the exter¬ 
nal supply voltage itself from 5 V to 3.3 V for 64M-bit devices. 
Doing so has the obvious advantage of eliminating the need for 
on-chip circuitry, but it also means that there will be no 5-V bus 
available anywhere on the chip. Maintaining adequate chip speed 
with only a 3.3-V supply will not be easy, and it will be interest¬ 
ing to see how each manufacturer approaches the challenge. 

The capacitor problem 

Probably the single largest challenge facing the makers of large 
DRAMs is the problem of getting sufficient cell capacitance into 
the available cell area. Three-dimensional capacitor structures 
have been intensively studied for this reason. But neither the sim¬ 
ple trench capacitor, which is a capacitor buried in a trench hole, 
nor the simple stacked capacitor, a configuration in which the 
capacitor is stacked above the transistor, can satisfy the demands 
imposed by the 64M-bit DRAM. Some sort of modification of 
one or the other will be needed. 

Of the two, the stacked-capacitor approach is the more promis¬ 
ing because it has no need for the complicated three-dimensional 
trench process. One modification for increasing the capacitance 
of a stacked capacitor, proposed by Fujitsu, is the fin structure 
[A in figure on p. 111]. Its storage node is formed by two poly¬ 
silicon layers (the fins) and two gaps. A dielectric film covers the 
entire fin surface, while a cell plate of polysilicon surrounds the 
fins and fills in the gaps. 

Mitsubishi’s cylindrical cell is another method of increasing 
the capacitance of a stacked capacitor by increasing its height 
[B in figure]. Here, both the inner and outer surfaces of a cylin¬ 
drical storage node are utilized as capacitor electrodes. Unfor¬ 
tunately, the structure’s large step height makes it difficult to de¬ 
posit a metallization pattern over the storage electrode. 

To increase cell capacitance without an increase in cell height, 
a new type of capacitor cell called a Spread Stacked Capacitor 
(SSC) more than doubles the capacitance of a conventional cell 
by extending its storage electrode over the neighboring cell area 
[C in figure]. The storage electrode for the first cell extends over 
the contacts of the second and third cells. Similarly, the storage 
electrodes for the second and third cells extend over the first stor¬ 
age electrode. The result is that the storage electrodes for the sec¬ 
ond and third memory cells have a stacked structure, with the 
first storage electrode on the bit line contact and on the fixed oxide 
area. A low-resistivity plate polysilicon layer between the stor¬ 
age node polysilicon layers of adjacent cells shields against cross 
talk. The SSC cell has about twice the storage electrode area of 
a conventional stacked-capacitor cell. 

Another way to improve the stacked-capacitor approach is to 
shrink the transistor area, as is done with a configuration called 
a Spread Source Drain (SSD) [D in figure]. In an SSD, the source- 
drain regions of the transistor are raised using a selective silicon 
growth technique. The silicon growth layers serve as buffers to 
prevent subsequently implanted dopants from diffusing into the 
substrate, resulting in a shallow source-drain junction. That shal¬ 
low junction, in turn, effectively suppresses the short-channel ef¬ 
fect and helps reduce gate length. 

The shallow junction also contributes to preventing punch- 


through between the n-diffused layers. The benefit of that fea¬ 
ture is reduced isolation spacing. 

Moreover, the contact holes may be allowed to overlap the gates 
and the fields because of the lateral growth of the silicon layers 
over gates and fields. This is enormously important because it 
means that the registration tolerances of the contact holes vis-^- 
vis the gates and the fields are drastically reduced in the SSD tran¬ 
sistor. The bottom line is that the total area occupied by an SSD 
transistor can be as little as 30 percent of that of a conventional 
cell. 

The principal drawback of stacked-capacitor cells as a class 
is the large step height of their storage nodes, with its resultant 
difficulties for metallization. Trench-type cells yield a very flat 
surface because the capacitor is constructed in the trench hole. 
Conventional trench capacitors, unfortunately, have an inter-cell 
leakage current problem. For that reason, the Stacked Trench Ca¬ 
pacitor (STC) cell, which has the stacked capacitor in the cell, 
has been developed and has been used in a 16M-bit DRAM. 

Beyond 64M bytes 

Both the trench cell and stacked-cell approaches focus the de¬ 
sign effort on decreasing the planar area of the capacitor and 
optimizing its configuration. Since the transistor and the capac¬ 
itor must occupy some area and are positioned next to each other, 
there will clearly come a point at which further down-scaling will 
become impractically difficult. A more iniiovative approach will 
be needed for the 256M-bit and IG-bit DRAMs of the future. 

One possible approach is a cell in which both the transistor 
and the capacitor lie on vertical surfaces. Such a structure is called 
a surrounding gate transistor (SGT). In such a cell, the capaci¬ 
tor is formed at the lower extremity of a pillar and the transistor 
at the upper end. A contact to a bit line is isolated by matrix-like 
trenches. The most important feature of this structure is that a 
transistor and a capacitor surround the side wall of a silicon pillar. 

An experimental array of such cells designed under 0.7- 
micrometer design rules yields a cell area of just 3.6 square 
micrometers. In that array, the transistor gate and plate electrodes 
are buried entirely under the silicon surface. Thus the chip topog¬ 
raphy is quite flat and presents no metallization problems. The 
SGT cell realizes a small cell area, uses relaxed design rules, and 
is hence an extremely attractive candidate for future high-density 
memory cells. 

To probe further 

DRAM processes are covered in three major annual meetings: 
the IEEE International Solid-State Circuits Conference (ISSCC), 
the International Electron Devices Meeting (lEDM), and the 
Symposium on VLSI Technology. 

Articles in the 1989 Proceedings of the Symposium on VLSI 
Technology include “Novel Stacked Capacitor Cell for 64Mb 
DRAM,’’ by W. Wakamiya et al. of Mitsubishi Electric Corp., 
pp. 69-70, and “A Composed Trench Transistor Cell for 16/64Mb 
DRAMs” by H.P. McAdams et al. of Texas Instruments Inc., 
pp. 65-66. The 1990 Proceedings of the same conference has an 
article titled “A 1.28 Bit-line Shielded Memory Cell Tech¬ 
nology for 64Mb Drams” by Y. Kawamoto et al. of Hitachi Ltd. 

The 1989 lEDM Technical Digest includes the articles “A Sur¬ 
rounding Gate Transistor Cell for 64/256M-bit DRAMs” by K. 
Sunouchi et al. of Toshiba Corp., pp. 23-26, and “Scalability of 
a Trench Capacitor Cell for 64M-bit DRAM” by B.W. Shen et 
al. of Texas Instruments Inc., pp. 27-30. 
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Canon: more than 
just cameras 

Digital color copiers, laser printers, and IC wafer-steppers are among the fruits 
of a diversification program that began in the late sixties 



Office automation is the creed today of Japan’s I 
boisterous Canon Inc. In under two decades, the I 
company has refocused its energies, diversified its 
product line away from the cameras with which it 
made its name, and virtually re-invented itself. 

Everything sprang from Canon’s solid foundation 
in optics. Its introduction in the 1960s of the first 
plain-paper alternative to Xerox helped double over¬ 
all sales from 1970 to 1975. This success led to a third 

triumph; laser printers for the PC market. Serendipi- _ ▼ 

ty spurred a third: the bubble-jet printer. 

Consequently, in addition to cameras, this major Japanese 
company now makes products ranging from digital color copi¬ 
ers to facsimile transceivers. Business machines accounted for 80 
percent of Canon’s consolidated sales for the first half of 1990. 
Of that US $5.44 billion, optical products represented only 13.7 
percent and other specialties, such as semiconductor manufac¬ 
turing equipment, another 6.3 percent. 

Nor is there any slackening in the 53-year-old company’s diver¬ 
sification drive. It is pushing hard to enter the computer and 
workstation market, despite some recent setbacks, and it is plan¬ 
ning an all-out attack on software over the next decade. 

The corporate repositioning actually began 30 years ago, but 
took a really radical turn in the late 1960$. Then, microfiche, elec¬ 
tronic calculators, and office copiers were already major products, 
but cameras still accounted for half of sales [see chart, p. 115]. 
Market saturation seemed imminent, and the company small and 
vulnerable. Management concluded that it must diversify further. 

The success of Canon’s breakout from camera-product depen¬ 
dency, which Eastman Kodak Co. and Polaroid Corp., among 
others, are trying to emulate, is due in large part to the priority 
the company gives to R&D funding. Canon pours nearly 6 per¬ 
cent of its revenues from sales into R&D heavily oriented toward 
product development with short, two-to-three-year lead times. 
The company’s 44 000 employees include 5000 graduate en¬ 
gineers, increasingly internationalized as part of a five-year Global 
Corporation Plan introduced in 1988. 


R&D goes global 

Canon now operates six research centers in Japan plus R&D 
subsidiaries in the United States and Europe—at Stanford and 
Costa Mesa, Calif., and at Guildford, Surrey, Great Britain, and 
Rennes, France. This year, new facilities were opened in France, 
Australia, and the United States, concentrating on computer re¬ 
search. A new research center established last spring in Kyoto is 
designed to attract scientists from all over the world. 

All this activity has very concrete results. According to the US. 
Patent and Trademark Office, Canon has been among the top 
eight companies receiving patents in the six years ending 1989. 
It ranked first in 1987, with 847 patents granted, and third in 1988 
and 1989. Yet it is not highly regarded for leading-edge technology. 

Mack Chrysler Correspondent 


What Canon has, said Steven Myers, a senior an¬ 
alyst with Jardine Fleming Securities in Tbkyo, is “an 
ability to commercialize its core technology—high- 
quality optics—in a variety of areas.” According to 
Chuck Goto, a senior analyst with S. G. Warburg 
Securities (Japan), who has followed the company 
closely for years, “Canon has refined existing tech¬ 
nology, not introduced anything remarkable on their 
own. Merging microprocessors and cameras in the 
AE-1 and combining the key parts of a copier in a 
cartridge were more marketing coups than new technological 
concepts.” 

That was certainly true of the birth of the laser printer. “Tfech- 
nologically it was an easy improvement,” IEEE Spectrum was 
told by Hajime Mitarai, 52, son of the company’s founder and 
currently a senior managing director in charge of research and 
development. “You have a copier, you can use a laser beam. It 
is an extension of a copier. So our research center came up with 
a printer using copier technology. But they didn’t know what to 
do with it.” 

Nowhere but up 

In 1975, suffering from sluggish camera sales and an unsuc¬ 
cessful venture in pocket calculators. Canon paid no dividend. 
But that low spell proved brief. “We knew the printer was more 
than office equipment,” Mitarai said. “We would have to go to 
the computer industry.” Canon did so with a demonstration 
booth at the 1975 Computer Conference at Anaheim, Calif. IBM 
Corp. had also produced a laser printer but Canon’s was far 
smaller. Hewlett-Packard Co. and Apple Computer Inc. agreed 
to devise the necessary computer interfaces, and Canon’s goal 
of a new “champion product” was realized. 

Canon replaced the bulky and costly helium neon laser in the 
demonstration model with a semiconductor laser, and since then, 
for its best-selling and least expensive model, has devised a 
replaceable cartridge of all the components most likely to need 
servicing. Today, laser beam printers underpin a new industry, 
desktop publishing, and although over 20 companies manufac¬ 
ture them, Canon supplies more than eight out of 10, almost all 



1 Canon’s switch to business machines | 


Year 

Cameras 

Business 

machines 

Optical and 
other products 

Consolidated 
net sales 
(millions of yen) 

1970 

49.1% 

42.1% 

8.7% 

57.29 

1975 

50.0% 

42.5% 

7.6% 

119.57 

1980 

44.0% 

48.6% 

7.4% 

418.89 

1985 

20.6% 

71.4% 

8.0% 

955.78 

1989 

13.1% 

80.0% 

6.9% 

1350.91 


Source; Carwn Inc. 
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under Hewlett-Packard and Apple brand names. 

In 1981, there was a lucky accident. One day a laboratory tech¬ 
nician transferring ink with a hypodermic needle accidentally 
touched it to a soldering iron and was startled when ink squirted 
out. This was the origin of the printer introduced last year, which 
uses heat to force a bubble of ink out of capillary nozzles in the 
print head [see illustration]. 

Keizo Yamaji, now in his second year as Canon’s president, 
predicted confidently, “Just as the laser beam replaced the daisy 
wheel printer, the bubble jet will replace the dot matrix print¬ 
er.” The bubble jet is quiet and fast, with quality almost as good 
as that of the laser beam. Typically, the US $499 model introduced 
in the United States last June was designed for broad market 
appeal. 

But it was the 1982 debut of a US $995 copier with a dispos¬ 
able cartridge, incorporating drum, charger, developer, toner, and 
cleaner, that revitalized Canon’s copy machine business. The de¬ 
sign virtually eliminated expensive service calls and extended the 
copier’s appeal to small businesses. Since then. Canon copier sales 
have multiplied more than tenfold, hitting US $3.5 billion last 
year and accounting for over one-quarter of the world market. 

Now the company is moving into color, taking particular pride 
in a digital model with 400-dot-per-inch (16-dot-per-millimeter) 
resolution and 256 gradations available in each of four colors 
on every dot. According to Darrel Whitten, director of Japanese 
research for Prudential-Bache Securities (Japan) Ltd. of Tokyo, 


Canon’s BJ-430 color bubble-jet printer has four 
color printheads, each with 16 nozzles to the 
millimeter (left, above). Instantaneous, 300 °C 
heat creates a bubble in the ink-filled nozzle, forc¬ 
ing ink out of the 30-micrometer-diameter ori¬ 
fice; capillary action then draws more ink in 
(above). Thin-film IC techniques produce noz¬ 
zle arrays, electrodes, and heaters on a highly 
heat-conductive silicon substrate (left, below). 

Canon has grabbed 70 percent of this new prod¬ 
uct market. Mitarai added that, while its copi¬ 
ers are currently the most profitable, “laser 
printers are coming up fast and within five years 
may pass copiers in both sales and profitability. ” 
Phone-linked facsimile machines are another 
example of technological overlap: image pro¬ 
cessing, with error diffusion and edge emphasis 
techniques. In fax, however. Canon ranks only 
third among Japanese producers, behind Mat¬ 
sushita Graphic Communications and Ricoh Co. 
It is difficult for any company to achieve a sig¬ 
nificant technological edge when users seek in¬ 
ternational compatibility, and a shift to bargain 
marketing of low-end fax machines in Japan and 
the United States clouds the short-term outlook. 

Longer term, as the market moves toward higher-technology 
facsimile equipment. Canon’s future looks brighter. “Over the 
next few years, the key words in office automation equipment 
are likely to be digital and systems,” said analyst Whitten, who 
sees new trends toward low-cost laser-based plain-paper fax 
machines, digital fax machines, and scanner/facsimile boards for 
personal computers used with laser printers or plain-paper 
copiers. 

Shift to digital fax 

The market is already shifting toward a new generation of G4 
digital facsimile machines in conjunction with a more advanced 
integrated-services digital network (ISDN) infrastructure, which 
offers faster transmission and higher resolution. The bottleneck 
has been network availability. In this regard, the United States 
is ahead of Japan. But by next March 31, Nippon Telegraph & 
Telephone Corp. promises ISDN service to 70 percent of Japa¬ 
nese cities with populations over 50 000. 

Canon thinks it is prepared for the fax evolution, with machines 
such as a plain-paper f^ax utilizing laser technology and a new 
one that can switch freely between digital and analog lines. It uses 
either G3 or G4 networks, but with its laser beam printing tech¬ 
nology delivers resolution that, at 16 by 16 dots per millimeter, 
is four times the G4 standard and eight times the G3 standard. 

Meanwhile, cameras have not been neglected. The AE-1, in¬ 
troduced in 1976, was billed as the world’s first computerized sin- 
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gle lens reflex (SLR) camera. With a built-in microprocessor, it 
revolutionized the 35mm SLR market—in 12 years over 8.2 mil¬ 
lion were sold. One of the first point-and-shoot models followed 
in 1979. Within five years, Canon sold over 3.8 million Auto Boys, 
and 13 variations on the original theme have subsequently been 
marketed, with sales, still brisk, currently topping 15.5 million 
units. 

The latest addition to Canon’s camera stable is the EOS (for 
Electro-Optical System) 10, introduced last year. Named 
the 1990 European Camera of the Year, it includes three 
focusing sensors and a camera shake alert. The compa¬ 
ny is also conspicuous in camcorders and electronic still 
cameras that use photoelectric discs instead of film, but 
many industry observers regard its push as a defensive 
measure to keep up with the market shift from still to 
video imaging. 

Another new product is an optical disc that Canon ex¬ 
ecutives believe will displace floppy and hard disks for 
computer data storage. Their Magneto-Optical Disk is 
removable, offers read, write, and erase capability, and 
can store 256M bytes, the equivalent of 6500 pages of text, 
on a single side. Although Canon is not the leader in this 
field and competition is fierce, the Magneto-Optical Disk 
is installed in the new Canonfile 250. This compact desk¬ 
top electronic filing system sells for 1.8 million yen in 
Japan and US $15 000 in the United States, including a 
laser printer. 

Then, with 20 years of experience in producing semi¬ 
conductor production equipment, the company has 
moved aggressively beyond mask aligners to IC wafer- 
steppers. In 1989, the worldwide stepper market increased 
20 percent, to US $1.2 billion, and was dominated by two 
Japanese companies, Nikon Corp. with 46 percent and 
Canon with 21 percent. According to VLSI Research Inc. 
of San Jose, Calif., Canon is “a true threat to Nikon’s 
No. 1 position.” Lenses on current models have larger 
field sizes than the competition, permitting more IC 
patterns to be exposed simultaneously on each wafer. 

Last July the company introduced its new I-line steppers 
with a wavelength of 365 nanometers (compared with 
436 nm for the g-line series), which permits more pre¬ 
cise patterns and mass production of 16M-bit dynamic 
RAM chips. 

Making it worldwide 

If all its emphasis on product-oriented research is one 
reason why Canon is flourishing, then another is certainly 
its internationalization of production. In 1985, for ex¬ 
ample, a U.S. subsidiary was established to manufacture 
copiers and other office equipment. In 1986 most calcu¬ 
lator production was moved to Taiwan. The following 
year a joint venture was formed with Olivetti to produce 
copiers in Italy, and in 1989 all electronic typewriter 
production was shifted to California. 

According to Canon president Keizo Yamaji, the com¬ 
pany’s production in Europe and the United States has 
now reached satisfactory levels, and Asia is the target of 
new expansion. Canon currently has 13 factories as well as 35 
sales offices abroad, and plans to raise the overseas share of total 
production from its present 20 percent to 35 percent within three 
to five years. It is expanding camera and lens production in Malay¬ 
sia and establishing business machine factories in Thailand and 
China. Last year Canon recorded 30.6 percent of its consolidat¬ 
ed sales in Japan, 30.6 percent in the United States, 31.4 percent 
in Europe, and 7.4 percent elsewhere. 

But this internationalization has left the company susceptible 
to huge foreign exchange fluctuations. In two of the last five years, 
losses have exceeded gains by 3.79 billion yen (US $25.6 million), 
and a further loss of 9.11 billion yen (US $60.7 million) is fore¬ 
cast for 1990. 


On occasion, too. Canon’s aggressiveness has boomeranged. 
In the 1980s, for example, it was hit with anti-dumping duties 
on copiers and typewriters in Europe. In 1986, Aunyx Corp., of 
Bingham, Mass., charged Canon in a US $300 million lawsuit 
with trying to monopolize the U.S. market for monocomponent 
toner. It was decided two years later in Canon’s favor but is now 
under appeal in a higher court. Last year, Japan’s Fair Trade Com¬ 
mission began investigating importers’ charges that a subsidiary. 


Canon Sales Co., was unfairly protecting the Japanese market 
for Apple’s Macintosh computers. 

The company keeps its court dates, shrugs off setbacks, and 
continues to bolster its product line, although in that, too, it has 
had failures. Canon executives still shake their heads, for exam¬ 
ple, when recalling a 1959 attempt to market the synchroreader, 
a machine that recorded sound magnetically on paper, enabling 
users to send both text and voice in a letter or memorandum. “It 
was technologically interesting,” said Mitarai, “but such a fail¬ 
ure in the market that our company almost went down. ” Another 
fiasco was the unsuccessful pocket calculator that lowered com¬ 
pany fortunes in the mid-1970s. And the performance of Canon 
Sales in exploiting its nonexclusive rights to sell Apple computers 


1937; Precision Optical Industry Co. 
Ltd., the forerunner of Canon Inc., is in¬ 
corporated in Tokyo. 

1940: The company branches out from 
cameras with Japan's first indirect X- 
ray machine. 



1958: A zoom lens for television cameras 
incorporates optical technology from still 
cameras. 

1959: Micrography products—microfilm 
and microfiche—spearhead Canon's 
entry into office equipment. 

1964: The world's first 10-key electronic 
calculator is marketed. 



1968: Canon introduces the first plain- 
paper copier alternative to xerography. 

1971: The first Canon computer is 
marketed. 


1976: The world's first computerized 
single lens reflex (SLR) camera, the AE- 
1, is put on the market, along with Can¬ 
on's first facsimile transceiver. 



1979: The world's first popularly priced 
laser printer, based on a semiconduc¬ 
tor laser, is launched. 

1982: Easy-to-maintain, replaceable- 
cartridge copiers go on sale, along with 
electronic typewriters. 



1983: Canon sells its first color copier. 

1985: An 8mm video camcorder and an 
electronic filing system are added to the 
product line. 

1987: New products include the first 
EOS SLR 35mm camera, a still video 
camera, a 50:1 television zoom lens, 
and a digital color copier. 

1989: Canon pays US $100 million for 
a one-sixth interest in the NeXT Inc. and 
for Asian distribution rights to the NeXT 
workstation. 
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Canon organization 





Copying Machine Business Operations 

Office and personal copiers 

Color laser copiers 

Applications for copiers 

Headquarters 

Future Projects 

Canon Research Center 

Component Development 

Information Systems Research 
“E” Project Promotion Center 

Software Strategy Headquarters 

Software Business Operations 

System Engineering 

Peripherais Operations 

Laser printers 

Bubble-jet printers 

Magneto-optical disk drives/magneto-optical discs 

Business Systems Operations 

Personal computers/office computers 

Japanese word processors/desktop publishing (DTP) 

Facsimile transceivers/telephone equipment/information systems 

Interconnectivity Development 

Business Systems Market Development 

Corporate Intellectual Property and Legal 

Product Groups’ R&D Centers 

Business Machines Cost Engineering 

Information Systems Operations 

Micrographics products/eiectronic filing system 

Personal information products/calculators 

Business Machines Development Trial Products 
Copying Machines Development 

Peripherals Development 1 

Peripherals Development 2 

Peripherals Development 3 

Computer and Systems Development 

Desktop Publishing (DTP) and Word Processor 
Development 

Telecommunication Systems Development 
Micrographics Products Development 

Personal Information Products R&D 

Chemical Products Development 1 

Chemical Products Development 2 

Memory and Display Development 

Cartridge Development 

Photo Products Development 

Photo Products Project Development 

Still Video Camera Development 

Video Products Development 

Lens Product Technology Development 
Semiconductor Production Equipment 
Development 

Broadcast Equipment Development 

Chemical Products Operations 

Photosensitive drums/toners 

Bubble-jet print heads/ink 

Liquid-crystal displays 

Copier/laser printer cartridges 

Camera Operations 

Single lens reflex (SLR) and compact cameras 

Still video system 

8MM video camcorder 

Lenses for SLRs/video equipment/projection TV 

Optical Products Operations 

Semiconductor equipment/measuring equipment 

TV lenses/broadcasting equipment 

X-ray equipment/ophthalmological equipment/imaging equipment 

Electronic Typewriter Development and 
Management Center, NeXT Computer 
and Marketing Center, Center Audio and 
Visual Aids Center, others 

Electronic typewriters 

NeXT workstation 

Audio and visual aids 

Components/product engineering equipment/others 

Research and Development Subsidiary 

North America: 

Canon information Systems Inc. 

Canon Research Centre Europe Ltd. 


Source: Canon Inc. 


in Japan has been so disappointingly lackluster that the US. com¬ 
pany has taken complete control of Japanese marketing. 

One of Canon’s biggest gambles may be a controversial invest¬ 
ment in NeXT Inc., the latest brainchild of Steve Jobs, cofound¬ 
er of Apple Computer and godfather of the best-selling Macin¬ 
tosh. In 1989, it paid US $100 million for a one-sixth interest in 
NeXT and distribution rights in Asia. It wanted entry into the 
enticing new Japanese (and Asian) market for office and aca¬ 
demic workstations using borrowed hardware and software. Jobs’ 
workstation, referred to as the “black cube,” is praised for its 
Unix 4.2 operating system. Macintosh-style user-friendly screen 
displays, and the 256M-byte Canon erasable optical disc. How¬ 
ever, it is criticized for its slowness, lack of a color monitor, and 
limited software. Partly because of software incompatibility with 
both the Macintosh and IBM personal, computers and their 
clones, the NeXT workstation has sold poorly in the United States 
since its introduction in 1988. 

In the works 

Company researchers are currently working on a new type of 
liquid crystal display with quick response and high resolution that 
could replace the cathode ray tube in computer monitors. And 
president Yamaji hopes that Canon is only 10 years away from 
producing a computer with a new operating system to rival MS- 
DOS and Unix. 

As that aspiration implies. Canon is also addressing its short¬ 
fall in software, especially for desktop publishing and image pro¬ 
cessing in color copiers and fax machines. According to Yamaji, 


the company must triple the number of Canon engineers— 
currently 1000—in this field and get outside help, in order to catch 
up. Evidence of his determination is the Canon Research Center 
where, in contrast to the lockstep conformity typical at most Jap¬ 
anese workplaces, dress is casual, with blue jeans and sneakers 
common. “Flextime” rules the work month of 160 hours, and 
there are no time clocks. The researchers, mostly young men and 
women, are encouraged to bounce ideas off each other everywhere 
from the comfortable “communications plaza” to special brain¬ 
storming rooms, including one fitted Japanese style with tatami 
mats. 

At another level. Canon managers talk philosophically—and 
problematically—about the need to establish more “harmony” 
between man, machine, and nature. Resource saving and recy¬ 
cling technology, they believe, will become a new business field 
for Canon in the 21st century. 

To probe further 

The Canon Story 1990/91 and Canon’s 1989 annual report are 
both available from Canon Inc. (7-1 Nishi-shinjuku 2-chome, 
Shinjuku, Tokyo 163, Japan; 1 Canon Plaza, Lake Success, N.Y. 
11042). Also, analyses of the company are published periodical¬ 
ly by major securities houses. 

About the author 

Mack Chrysler is a freelance journalist based in Tokyo. He 
spent 12 years as Tokyo bureau chief for U.S. News & World Re¬ 
port, covering Japan and the Far East. ♦ 
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The great blue box 
phone frauds 

Until the phone company separated signaling information from the voice signal, long-distance calls 
could be made without charge by anyone who could whistle at 2600 hertz 


RETROSPECTIVE 


■ In-band allowed users access to the telephone net¬ 
work by placing routing tones in the bandwidth re¬ 
quired for customer speech. Since they are generat¬ 
ed by using simple oscillators, in-band tones are 
accepted by the routing equipment only in the ab¬ 
sence of any other frequencies. Because speech tends 
to concentrate in the lower part of the voice chan¬ 
nel bandwidth, which ranges from 300 to 3200 hertz, 
the phone company decided it would use as high a 
signaling frequency as possible: 2600 Hz. 


Until the early 1980s, anyone who lived in the Unit¬ 
ed States and could whistle in perfect pitch had a 
means to place long-distance telephone calls free. 

Those not so gifted used an electronic device almost 
as simple—a “blue box” that exploited a loophole 
in the nation’s long-distance telephone network. 

Blue boxes were used by many groups, each with 
a different agenda. The first users were mostly en¬ 
gineering students, who found blue boxes an inex¬ 
pensive way to explore the wide-ranging phone sys¬ 
tem. As knowledge of the blue boxes became public, unscrupulous 
businessmen with less benign purposes, and even the youth coun¬ 
terculture of the 1970s, became interested in the potential possi¬ 
bilities of virtually unrestricted access to the US. long-distance 
network. 

Although AT&T Co. conducted a vigorous campaign, both 
technological and legal, against blue box fraud, millions of dol¬ 
lars were lost in one of the costliest theft-of-service episodes in 
communications history. Ironically, in the end, the same forces 
that made the technology affordable to the toll abuser—cheap, 
mass production of electronic components—allowed the tele¬ 
phone company to eliminate the breach in its security. 

Operator costs too high 

Paradoxically, it was quantum improvements in phone techno¬ 
logy that made possible frauds of this magnitude. In the early 
years of telephone service, operators had to manually complete 
all calls—both those on the same switchboard and those on dis¬ 
tant switchboards. Foreseeing that future demand for long¬ 
distance calling would make operator service too costly, the Bell 
Telephone System, as it was then known, installed direct-distance 
dialing so that customers could complete their own long-distance 
calls. 

As the telephone network became automated. Bell began 
changing to ac signaling, which operated over longer distances 
than the ground and polar signaling for every conversation line. 

Its engineers considered three major types of signaling systems: 
out-of-band, external channel routing, and in-band. Out-of-band 
signaling transmits routing information outside the range of 
speech and is thus not affected by speech, echo suppression equip¬ 
ment, or companding—the “compressing” and “expanding” of 
a telephone call that takes advantage of speech information’s non- 
uniform amplitude distribution. External channel routing trans¬ 
mits the routing information to and between toll centers over sep¬ 
arate lines, removing the complexity of sorting the control signals 
from speech. 

Both of these methods were costly, and out-of-band signaling 
required more sophisticated equipment to deal with the extra 
bandwidth. External channel routing represented an even great¬ 
er installation cost, and problems occurred in coordinating calls 
between the signaling and voice lines. 

David Flory 


Putting in-band into place 

When Bell overhauled the trunks for the nation’s long-distance 
telephone lines during the ’50s, it selected in-band signaling be¬ 
cause of its relatively low cost and ease of implementation. Mak¬ 
ing a call using this technology is simple. A long-distance call 
is first routed through a customer’s local central office. Once that 
office has determined that the call is long distance, it locates an 
available long-distance trunk or tandem line, which it identifies 
by the idle line’s constant 2600-Hz tone. 

Sending a key pulse (KP) alerts the long-distance switching 
equipment that routing information will be required. The oper¬ 
ator or originating automatic signaling board then sends the ad¬ 
dress digits for the number desired. The stop (ST) key signals the 
end of the routing information, and the call is completed. 

The method of recording and charging for the call varied some¬ 
what according to the billing area, but the charging began at the 
local central office when the long-distance call was answered and 
continued until an on-hook or hang-up signal was received by 
the toll office. 

The widespread application of this technology required Bell 
to disseminate its methodology to educate its own and other tele¬ 
phone companies’ workers. In 1954, the Bell System Technical 
Journal caxntd an article, titled “In-band Single Frequency Sig¬ 
naling” that dealt with single frequency pulsing, the first in-band 
signaling method installed. The libraries at most major engineer¬ 
ing universities subscribed to the publication. That magazine’s 
November 1960 issue became especially well known among elec¬ 
tronics hobbyists and engineering students; in it, the phone com¬ 
pany outlined all the signaling used for call completion, includ¬ 
ing the tones for in-band signaling. 

Using a blue box 

The key to using a blue box is knowing how to gain access to 
the long-distance switching equipment in the toll office, a proce¬ 
dure that was supposed to be restricted to operators and auto¬ 
mated routing equipment. To avoid long-distance charges, blue 
box users first dialed long-distance directory assistance, 800 num¬ 
bers (also called Inward Wide Area Telephone Service), or num¬ 
bers that carried only a small toll charge. After the user dialed 
his number and was connected to a long-distance trunk, the blue 
box emitted a 2600-Hz tone, clearing the equipment at the tan¬ 
dem trunk’s receiving end and signaling the switching equipment 
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that the call had been completed and the trunk was waiting for 
a new call. The local central office, however, had not received its 
call termination signal—the phone going on-hook or hanging 
up—so the local central office did not disconnect the caller from 
the long-distance network. 

Any further tones transmitted were assumed to be from legiti¬ 
mate Bell System equipment, so the user could reroute the call 
by sending new signaling tones to the interoffice tandem trunks. 
While all this was going on, the local central telephone office’s 
billing equipment had not been signaled that the call had been 
completed, so it continued billing at the rate of the original call. 

Besides allowing users to make unbilled phone calls, blue boxes 
provided users with access to many areas of the telephone net¬ 
work beyond the reach of normal customers. These included rate 
and route operators, test boards, conference bridges, and other 
internal Bell System services. Since no customer should have been 
able to reach AT&T employees via the restricted network, test en¬ 
gineers, operators, and linemen assumed that the caller was a 
legitimate Bell employee and freely divulged confidential infor¬ 
mation about the network. 

After international operator dialing to Europe was introduced 
in 1963, blue box users, by virtue of their complete network ac¬ 
cess, could also direct-dial international numbers—which regu¬ 
lar telephone customers could not do until 1970. 

Blue box devices often consisted only of a tone generator neces¬ 
sary to produce the routing tones within the required 2 percent 
tolerance. Simple whistles, signal generators, electronic organs, 
and, later, personal computers could produce the necessary tones. 

The first boxes were bigger than telephones and used vacuum 
tubes. By the 1970s, those using transistors, ICs, or op amps were 
only as large as their keypads. Some underworld crime figures 
made boxes disguised as cigarette packs or AM transistor radios 
that actually worked and 
could later self-destruct. 

Because the correct 
tones were all that was 
needed to trick the switch¬ 
ing equipment, many users 
simply recorded the tones 
for the number they want¬ 
ed onto a cassette tape and 
took the tape recorder to a 
local telephone booth. If 
the user was caught during 
the call, no incriminating 
hardware would be dis¬ 
covered. 

The chief advantage of 
in-band signaling—its abil¬ 
ity to signal within the fre¬ 
quencies used for conver¬ 
sation—also helped make 
it vulnerable. Many eventu¬ 
al blue box users first dis¬ 
covered this loophole when 
they accidentally hit a 
2600-Hz tone during a 
phone conversation by 
whistling. 

In the late 1960s, this phenomenon, sometimes called talk-off, 
increased in incidence when Quaker Oats Co. distributed whis¬ 
tles in Captain Crunch cereal boxes. The whistles were tuned to 
a high A note that was within the 2 percent tolerance of 2600 Hz. 
Children calling their relatives to demonstrate their new whistle 
were disconnected, leading their parents to complain to the Bell 
System, which conducted fruitless searches for broken equipment. 

Enter the public 

The first blue box was discovered in 1961 when a Pacific North¬ 
west Bell business office manager noticed that the October 1961 


records included several extremely long calls to directory as¬ 
sistance. Bell security investigated a photography studio at 
Washington State College in Pullman and found what they called 
“a strange-looking device on a blue metal chassis” attached to 
the studio’s telephone line—hence the name “blue box.” 

Blue box users had a variety of motives. In the 1960s, most 
electronic toll fraud was committed by engineering students and 
the blind; estimates placed about half of the blue box users in 
1968 among the sightless. Some users were more interested in find¬ 
ing out how the phone system worked than in cutting down on 
their long-distance charges. They were nicknamed “phone 
phreaks.” For sport, some “stacked” trunk lines, routing a call 
through a maze of toll offices around the country and the world, 
adding line after line to their calls until the transmission quality 
began to suffer, with the call often ending up at the nearest pay 
phone. They then would hang up the first telephone and listen 
to the relays closing all around the world. The phone phreaks 
often adopted colorful pseudonyms such as Cheshire Catalyst, 
Captain Crunch, Dr. No, and Midnight Skulker. 

A small but well publicized group of individuals saw the blue 
box as a way to further the goals of the counterculture of the 
1970s. To them, it was a way to strike out at “the establishment” 
and to protest U.S. involvement in the Vietnam War. 

As the popularity of the blue box spread, its economic poten¬ 
tial was not lost on segments of the business community. Indeed, 
most fraud perpetrators caught were businessmen cutting their 
phone costs. Often, innocent parties discovered that they were 
using blue boxes installed by so-called “telephone consultants” 
who promised to cut the long-distance costs of their customers. 
Unbeknownst to their clients, these “consultants” would install 
blue boxes and charge clients for the long-distance service, while 
the calls were actually being made free. 

^ Variations on the blue 
I box were developed, em- 
f phasizing ease of use for 
those not technically 
skilled. Black boxes were 
placed on the receiving end 
of a call to stop the ringing 
before the phone was taken 
off-hook, preventing the 
phone company from 
being able to charge for the 
call. 

Black boxes were espe¬ 
cially popular with under¬ 
world criminals and book¬ 
makers, who kept phone 
lines open to Las Vegas to 
place bets. They would use 
boxes to accept a call, and 
then automatically dial an¬ 
other number to reroute 
the call. Authorities tracing 
the call would raid a loca¬ 
tion only to find an empty 
room and back-to-back 
black boxes. 

Red boxes simulated the 
sound made by a pay telephone when coins were inserted, per¬ 
suading the operator that the caller had deposited the neces¬ 
sary amount. 

Detection technology 

Faced with controlling unauthorized use of its lines. Bell first 
started gathering data to assess the extent of the problem. Given 
the size of the U.S. phone system and the relative rarity of fraudu¬ 
lent use, this was no small task. Between November 1965 and 
March 1970, AT&T operated fully automatic equipment in several 
cities that randomly sampled 100 outgoing trunks, five calls at 
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a time. When suspicious ac¬ 
tivity occurred, such as a key 
pulse on an active line, the call 
was recorded. 

Of over 30 million calls 
scanned, 1.5 million indicated, 
but not necessarily proved, 
blue box fraud. As a result of 
this investigation, approxi¬ 
mately 600 people were appre¬ 
hended. 

By 1970, Bell Laboratories 
had improved the equipment 



The permanent solution to 
the blue box problem proved 
to be common channel in¬ 
teroffice signaling (CCIS)— 
paradoxically, a method re¬ 
jected in the 1950s as too cost¬ 
ly and difficult to implement. 
CCIS, instead of transmitting 
the signaling information 
along with the voice signal, 
puts it on a separate routing 
network and lines between toll 
centers. CCIS increases signal- 


tection of 2600-Hz tones, how to construct a “black box, ” which allowed an individual to pre- reduces post-dialing delays, 
rather than the call itself. Two vent the calling party from being charged for the call. The article and eliminates talk-off. It is 
years later. Bell began to regu- described in simple, nontechnical terms how to ask your local elec- impervious to blue boxes be- 
larly analyze, often with com- tronics store for the four necessary parts (resistor, capacitor, toggle cause the control signaling for 
puters, central office automat- switch, and momentary pushbutton switch) and even how to identify the network is outside the con¬ 
ic message accounting tapes them:“Resistor (the small part, usually brown, with the colored bands versation band, so customers 

cannot reroute their own calls. 
CCIS was first implemented in May 1976 between Madison, 
Wis., and Chicago. By 1983, the entire toll network, including 


for such suspicious call data as on it). ” 
long calls to information or 800 numbers. 

As Bell employees learned the ways in which the blue box was 
being used, they developed countermeasures. They sometimes 
reprogrammed local central office electronic switching system 
switches to disconnect a call if a pure 2600-Hz tone was detect¬ 
ed. Because such a tone should not occur on a local switch, it 
meant either an equipment malfunction or fraud. Bell also coun¬ 
tered by installing notch filters on pay phones to prevent blue box 
use. By 1977, the entire system was presumed to have widely in¬ 
stalled effective detection equipment. It detected 35 boxes in New 
York City alone. By 1983, detection equipment was installed in 
virtually all heavily used long-distance circuits. 

Ma Bell gets tough 

Neither government nor the phone company took a romantic 
view of compromising the nation’s long-distance network. The 
Federal Communications Act of 1934 mandated the Bell System 
to find and prosecute toll fraud perpetrators so that legitimate 
customers were not saddled with their costs. The Crime Act of 
1968 made “fraud by wire” in connection with “access devices”— 
blue boxes—punishable by up to five years in prison, and/or a 
fine of up to US $1000. 

In the mid-1960s, several states also began to enact laws against 
possession of blue boxes, classifying them as burglary tools, and 
by 1978, possession of any device to avoid payment of toll charges 
was illegal in at least 35 states. 

In an active attempt to discourage fraud. Bell began to publi¬ 
cize electronic toll fraud arrests and to prosecute cases. 

In 1971,25 black box users were arrested. A year later. Bell won 
a court order suppressing the June 1972 issue of Ramparts maga¬ 
zine because it contained instructions for making a black box. 
In three days in 1972, Federal authorities arrested 14 middle- to 
upper-class businessmen in Chicago, Cleveland, Detroit, Hous¬ 
ton, Memphis, Minneapolis, and other cities, confiscating 16 blue 
boxes. In that same operation, a Dallas company was caught sell¬ 
ing blue boxes to businessmen for US $3000 each, advertising 
them as a way to cut business costs. Reports suggested that Bell 
security agents were investigating all kinds of fraud, even stak¬ 
ing out telephone booths frequented by blue box users. 

The end of an era 

Ironically, the advances in technology that gave the phone 
phreak the ability to build a blue box cheaply came full circle. 
With the continuing miniaturization of electronic components, 
for example. Bell was able to design more and more sophisticat¬ 
ed monitoring equipment to check for fraud, and stored program 
control switching systems allowed engineers to realize their secu¬ 
rity procedures in software—a relatively inexpensive and flexi¬ 
ble method of searching for fraud. 


20 switching centers for the signaling messages, known as signal 
transfer points, were in place. 

In the end, AT&T estimated the fraud to have cost between US 
$20 million and US $30 million each year in the early to mid- 
1970s. Bell Telephone Magazine estimated the provable loss due 
to blue boxes at only $1 million in 1977, but stated that the actu¬ 
al loss was probably around $20 million. But losses suffered were 
difficult to determine. Unlike those from calling-card fraud or 
fraudulent third-party billing, no one was falsely billed for blue 
box calls. Separating long legitimate calls to 800 numbers from 
the fraudulent ones was nearly impossible, and the stacking of 
telephone lines further complicated estimates. 

Although some have criticized Bell for adopting a signaling 
system that could be so easily misused, the “Cheshire Catalyst,”' 
who formerly edited TAP, a newsletter that served as an infor¬ 
mation nexus for blue box users, is not one. At the time, he said. 
Bell had reason to believe its network was secure. The system was 
designed in the 1950s, and at that time, only large electronics firms 
like Bell had the money and skills to build the sophisticated tone¬ 
generating equipment necessary to control the long-distance 
trunks. Bell had no way of knowing that the technology would 
get so cheap that everybody would be able to use it. 

To probe further 

During the height of the toll fraud epidemic, hundreds of ar¬ 
ticles were written on the subject. “Beating the blue-box bandits” 
by Marce Eleccion, IEEE Spectrum, August, 1972, pp. 52- 58, 
investigated the problem of phone fraud and the legal aspects 
surrounding it. “Secrets of the Little Blue Box” by Ron Rosen¬ 
baum, which appeared in Esquire’s October 1971 issue, was one 
of the first widely read articles on blue box use. Bell Telephone 
Magazine published articles on toll fraud, including “Toll Fraud: 
Beating the Rip-Off Set,” in the November-December 1972 issue, 
and “Fun with Dick and Jane?” by Lewis Gum and Edward Ox¬ 
ford in the Autumn 1978 issue. 

Among the books dealing with toll fraud are The Phone Book: 
What the Telephone Company Would Rather You Not Know by 
J. Edward Hyde, published by the Henry Regnery Co., Chicago, 
1976, and Fighting Computer Crime by Donn B. Parker, pub¬ 
lished by Charles Scribner’s Sons, New York, 1983. 

About the author 

David Flory, a Cornell University graduate in electrical 
engineering, was selected as IEEE Spectrum’s 1989 editorial in¬ 
tern but died before he could serve. Kevin Self, Spectrum cor¬ 
respondent, assisted in posthumous updating and revising of this 
manuscript. ♦ 
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The frequency that 
wouldn’t die 

North America’s Niagara River is the site of operating 25-hertz 
hydroelectric generators that date to the dawn of the electrical age 


RETROSPECTIVE 


Still generating power on the Canadian side of the 
Niagara River are the last operating artifacts from 
the birth of the electrical age. Now approaching the 
end of a long and distinguished career, those 25- 
hertz alternators gave shape to the concept of the 
modern electrical utility, in which generators are 
paralleled as necessary to meet customer demand. 

The Niagara Falls installation, in fact, was the 
world’s first large polyphase central station and the 
proving ground for the technology now used to sup¬ 
ply electrical power throughout the world. 

In the first two decades of the 20th century, seven large hy¬ 
draulic plants were built on the Niagara River. By the beginning 
of World War II, that area boasted the largest concentration of 
hydroelectric generators in North America, all of them produc¬ 
ing 25-Hz power. Why was 25 Hz chosen for such a large block 
of power? Even more interesting, why has that obsolete frequency 
lived on for the better part of a century? The answers to such 
questions lie in the conditions and attitudes of the period. 

When steam was king 

A hundred years ago, the term “power transmission” did not 
connote what it does today. That was the heyday of the steam 
engine and mechanical power distribution. Because of their high 
losses, mechanical systems could transmit power over less than 
a few thousand meters. Many prominent technical experts, Ge¬ 
orge Westinghouse among them, believed that compressed air 
offered the best chance for increasing transmission distances. 

In 1890, it was far from obvious that electricity would provide 
a superior solution. The electric systems of those days were ill 
suited to manufacturing use. Those designed for lighting loads 
typically operated at 125 Hz or 133 Hz, which was not suitable 
for the dc motor loads of the day. Conversely, the dc systems that 
supplied the street railways of the era could not do so over much 
of a distance; there was no practical way to step up the voltage 
for transmission and then step it down for local use. 

So when the Niagara Falls Power Company set out in the late 
1880s to harness the power of the falls and distribute it in a form 
of use to any customer, no system of power distribution was 
clearly the best. Accordingly, the company directors decided to 
proceed without committing themselves to a particular method 
of distribution. 

Construction of Power House No. 1 was begun by letting a 
contract for the turbines that convert the power of the river into 
mechanical energy. At least that part of the job was well un¬ 
derstood. 

Still, Edward Dean Adams, the president of the parent Cata¬ 
ract Construction Company, believed that electricity held the 
most promise, and he was proven right. In 1893 the decision was 
made to use polyphase alternating current as the transmission 
medium. By that time, work on the turbines had reached the point 

Robert D. Barnett Power City Engineering Technology 


where their speed—250 rpm—could not be altered. 
That restricted the choice of generator frequency to 
integral multiples of 250/60. (A generator’s frequen¬ 
cy is given by its angular velocity in revolutions per 
second times the number of its pole pairs.) Both 16% 
and 33 % Hz were proposed. Finally, a compromise 
was struck. The alternator would be a 12-pole ma¬ 
chine generating 25 Hz. 

But why not 50 Hz, the modern frequency for 
much of the world’s power? Why not, for that mat¬ 
ter, a yet higher frequency, as in the lighting systems of that era? 
Because the Niagara generators had a different mission: to form 
a central plant supplying all types of loads from a common sta¬ 
tion bus. That meant operating the alternators in parallel. 

Connecting generators in parallel is a far from trivial task. The 
machines must be brought up to the same speed, and then their 
phases must be quite precisely matched before the switch is 
thrown to connect them. In the days before synchroscopes, the 
matching was done by eye, comparing the brightness of incan¬ 
descent bulbs connected across the generators’ terminals. The 
lower the frequency, the easier to make the comparison. Since 
throwing the switch at the wrong time could wreck a generator, 
ease of paralleling was a powerful argument for keeping the fre¬ 
quency as low as possible. 

Nor was there a suitable ac motor. Before the induction motor 
became practical many experts believed the ac commutator motor 
would triumph. Since that was essentially a dc motor running 
on ac, it operated best when the supply frequency was as low as 
possible. 

Why 25 Hz stuck 

The 25 Hz stuck because changing frequencies is very expen¬ 
sive for the customer. 

The major advantage of 60 Hz over 25 Hz is that it can trans¬ 
fer more power per kilogram of equipment. For equal ratings, 
60-Hz equipment is smaller and lighter. But there was no good 
reason why an industry should change its existing equipment to 
the new frequency. So 25 and 60 Hz coexisted for many years, 
for as long as there was a demand for 25-Hz power, there was 
no incentive to convert. 

On the US. side of the Niagara River, traditional electrochem¬ 
ical industries have reduced their operations, and other indus¬ 
tries have modernized. As a result, the requirement for 25 Hz has 
now almost vanished. An accident also had a major effect in the 


Defining terms 

Wheelpit: a deep excavation intended to house waterwheels 
(turbines) and associated hydraulic equipment. 
Synchroscope: an electrical Instrument used to indicate, by 
means of a pointer and a scale, the relative phase of a ma¬ 
chine about to be connected to a station bus. 
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Canadian Niagara’s original plant at Niagara Falls, 
Ont., is still generating 107 megavolt-amperes at 25 
hertz (above). The armature of one of the original 
two-phase alternators is shown under construction 
(right). The locations of the various early installa¬ 
tions are shown on the map. 


United States. On June 7, 1956, after years of un¬ 
detected erosion, the retaining wall of the 
Schoellkopf generating station gave way, taking with 
it into the Niagara Gorge the largest 25-Hz plant in 
the United States. 

Change has been less dramatic on the Canadian 
side. Many of the region’s original industrial oper¬ 
ations are still there. All told, 25-Hz system capaci¬ 
ty is about 250 megawatts. 

The stations today 

With the exception of the Toronto Power station, 
which was decommissioned in 1972, all the Cana¬ 
dian stations remain in operation. Two of them, 

Canadian Niagara’s Rankine station and the decom¬ 
missioned Toronto Power plant, are situated above 
the falls. Their turbines are located in wheelpits ap¬ 
proximately 50 meters deep, and long shafts connect them to the 
generators at ground level. In that and many other respects, they 
are similar to the two original plants on the US. side of the 
river—Power Houses Nos. 1 and 2, the former Adams Plants. 

To conceal their presence in Queen Victoria Park, the architec¬ 
ture of those Canadian plants is such that even a knowledgeable 
observer could not guess their industrial function. For esthetic 
reasons, even the generator power circuits were placed 
underground—no small task in the early 1900s. 

The other two stations are at river level, in the gorge, and so 
are more conventional in design than the wheelpit plants. The 
Ontario Power plant, at the base of the falls, has horizontal-shaft 
generating units, an unusual arrangement today. The Sir Adam 
Beck No. 1, located 15 kilometers down river at Queenston, has 
a more modern layout: close-coupled, vertical-shaft waterwheel 
generators. Because of that design, six of its nine units could be, 
and have been, rewound for 60-Hz operation. 

How long will 25 Hz last? "Bventy more years might sound ex¬ 
treme, but so it did in 1952 when domestic conversion to 60 Hz 
was under way. It has lasted almost twice as long. 

A new station is planned for the Queenston area of the Niag¬ 
ara River, and to put it on line, Ontario Hydro will begin look¬ 
ing to decommission the old plants to use their water rights. Con¬ 
verter sets will then be used to accommodate any customers who 


may still be clinging to the old frequency. 

Seemingly, 25 Hz will not die—it’ll only fade away. 

To probe further 

A great many in-depth technical articles may be found in con¬ 
temporary issues of the Transactions of the American Institute 
of Electrical Engineers and in the Transactions of the A merican 
Society of Mechanical Engineers, both of which are well indexed. 

As for the topic of frequency, Benjamin Lamme, the design 
engineer in charge of the first alternator, is the premier authori¬ 
ty. 'I\vo of his articles in particular, “The technical story of the 
frequencies” in the Transactions of the AIEE, Jan. 18, 1918, 
pp. 65-89, and “The alternating current generator in America” 
in the Electrical Journal, Vol. 11,1914, pp. 120-126, merit reading. 

TVvo secondary sources are Networks of Power by Thomas P. 
Hughes (The Johns Hopkins University Press, Baltimore and 
London, 1983), which deals with the broader picture of electrifi¬ 
cation, and the two-volume Niagara Power by Edward Dean 
Adams (Niagara Falls Power Company, Niagara Falls, N.Y., 1927). 

About the author 

Robert D. Barnett (M), president of Power City Engineering 
Technology, Niagara Falls, Ont., Canada, is designing a curric¬ 
ulum for a course in historical technology. ♦ 
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Global R&D for a 21st 
century manufacturing system 

A Japanese proposal gets an initial negative reaction in the United States 
and Europe, but counterproposals aim at a win-win situation for all 


A year ago, when Japan proposed an international 
research program to develop a 21st century global 
manufacturing system, others were not overjoyed— 
and some US. and European officials reportedly 
likened the idea to a ll-ojan horse. But now things 
seem to be moving forward. 

The original US $1 billion, 10-year proposal was 
orchestrated by Hiroyuki Yoshikawa, dean of the 
faculty of engineering at the University of Tokyo. 

The intent, as stated in the proposal, was for all ad¬ 
vanced industrialized nations to work together to find solutions 
to problems “that could threaten the foundation of the manufac¬ 
turing industry.” The proposal was offered in late 1989 by 
Yoshikawa to selected US. companies and academic institutions. 
It was strongly backed by the Japanese Ministry of Internation¬ 
al Hade and Industry (MITI). 

Yuji Furukawa of Tokyo Metropolitan University, who had 
worked on the proposal with Yoshikawa, then signed up the So¬ 
ciety of Manufacturing Engineers (SME) in Dearborn, Mich., 
to act as the proposal’s US. coordinator. For the European coor¬ 
dination, the proposal was offered directly to the European Com¬ 
munity (EC) as a governmental body. 

When the US. Department of Commerce (DOC) got wind of 
the proposal, it complained to Japan’s Embassy in Washington, 
DC., that its country was making an end run around the US. 
government. And on being told that the proposal was a Japa¬ 
nese private industry project, DOC got into the act officially and 
quickly removed SME from the game plan. 

“We were disappointed with Japan’s approach, and the con¬ 
tent of the proposal itself raised our concerns,” was the way Mark 
S. Lieberman, deputy assistant secretary for technology policy 
at the US. Department of Commerce, described to IEEE Spec¬ 
trum the department’s initial reaction to the Japanese proposal. 
DOC’s position was that MITI had bypassed the 1988 bilateral 
Science and Tfechnology Agreement with the United States and 
was designing the program to gain access to US. software, ar¬ 
tificial intelligence, and system integration technology without 
providing an equitable exchange of Japanese technologies. 

Reaction of the EC was even stronger, Lieberman told us in 
his Washington office. “They were even more skeptical,” he said. 

Shortly afterward, representatives from the DOC and the EC 
met to compare reactions to the Japanese proposal and to set a 
course of action. As a result, both organizations are now offer¬ 
ing counterproposals, and Japan has revised its proposal to take 
at least some of the US. and EC concerns into account. A meet¬ 
ing scheduled in Japan, November 19-20, will attempt to begin 
to resolve differences to the satisfaction of all three parties. 

Late 1989—Japan submits its proposal 

The original proposal for joint international research programs 
to develop an Intelligent Manufacturing System cited Japan’s ex- 

Ronald K. Jurgen Senior Editor 



pertise in production management and in develop¬ 
ing factory automation units such as computer nu¬ 
merically controlled machinery and industrial 
robots. It also noted that the United States was well 
versed in software and network technology and that 
Europe was strong in complex precision machinery. 
“By fusing the various technological advantages of 
Europe, North America, and Japan,” the proposal 
stated, “it is possible to develop, in a most efficient 
manner, innovative production technology which 
meets the unique demands of the coming century.” 

The US $1 billion funding for the 10-year program called for 
the Japanese Government to supply US $400 million; Japanese 
industry, US $200 million; European governments and industries, 
US $200 million; and the US. government and corporations, US 
$200 million. The proposal also stated that a joint international 
research center would be set up in North America and/or Europe. 

The R&D domain of the program [see illustration] encompass¬ 
es the entire range of production technology from basic technol¬ 
ogy to potential commercialization. 

Examples of R&D topics aimed at the 21st century manufac¬ 
turing system were outlined in the proposal, together with the 
approximate time for peak activity during the life of the 10-year 
program [see table]. 

April 1990—DOC takes over 

In an April meeting of US. industry and academia represen¬ 
tatives at the National Institute of Standards and Technology in 
Washington, DC., the participants su^ested that the US. govern¬ 
ment take a leadership role in negotiating for a more equitable 
program. 

DOC responded by raising the issue at a high-level meeting at¬ 
tended by representatives of the US.-Japan Science and Technol¬ 
ogy Agreement. There it was determined that the Japanese pro¬ 
posal would be put under the jurisdiction of the agreement’s 
section on advanced manufacturing. 

May 1990—Trilateral meeting in Brussels 

The next step was a convening of a trilateral May meeting in 
Brussels, Belgium, where the United States, the EC, and Japan 
agreed that: 

• Any intelligent manufacturing system (IMS) proposal would 
be coordinated and communicated by the appropriate Govern¬ 
mental offices of each community. 

• Any proper collaboration must have a balanced flow of 
knowledge. 

• Before there is any IMS program, agreement must be reached 
by all three on modalities of cooperation, technical content, in¬ 
tellectual property rights, and funding arrangements. 

• A jointly prepared program for cooperation is a must. 

• Each side will conduct extensive consultation with its indus¬ 
try and academia representatives to develop a rational position. 

• In particular, Japan agreed to: supply DOC with all past 
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proposals; stop soliciting proposals from the United States and 
the EC; defer all U.S. inquiries to DOC; and make all communi¬ 
cations with U.S. companies through DOC. 

July 1990 — DOC’s counterproposal 

In July, DOC convened a meeting with representatives of U.S. 
trade associations and academia to ecplore questions arising from 
the Japanese IMS proposal and determine what the U.S. posi¬ 
tion concerning it should be. 

Using inputs gathered at that meeting, DOC prepared a draft 
“strawman” U.S. proposal for international collaboration on ad¬ 
vanced manufacturing systems. Guidelines are: 

• The three entities would have equal voting rights. 

• Each party would decide how its financial and other contri¬ 
butions should be structured, including the percent of industry 
and government participation, access to research facilities, unique 
expertise, and so forth. 

• Technical projects would consist of tripartite consortia with at 
least one industry participant from each tripartite member. Bipar¬ 
tite consortia would be acceptable subject to tripartite approval. 

• Funds from the program would not go for the construction of 
research centers, structures, or laboratories. 

• Multilateral participation in the projects would be encouraged. 
Specified areas in which the United States could benefit from 


such an international collaboration are: 

• International standards for advanced manufacturing and in¬ 
formation technology. 

• Tfechniques for rapid commercialization of R&D results. 

• Information technology such as advanced database structures 
and techniques for manipulating large-scale distributed knowl¬ 
edge bases. 

• Enterprise integration techniques for integrating the technol¬ 
ogy and business elements of a manufacturing enterprise. 

• Precision engineering. 

• Intelligence control technologies. 

• Quality engineering and management techniques. 

• The application of intelligent control technology to the 
manufacture of high-quality, precision-engineered, mechanical- 
electrical products such as videocassette recorders and step-and- 
repeat cameras. 

• Market identification and development. 

• Process technologies such as for metals and semiconductors. 
Concerning intellectual property rights, it was suggested that 

the guiding principle should be that participants have equitable 
control of these rights, taking into account their investment of 
resources to the program, including facilities and unique exper¬ 
tise as well as direct funds. 

Topics on intellectual property rights selected for further dis- 


in the original Japanese intelligent manufacturing system proposal 


Production system development technologies for: 


••• Autonomous and decentralized production 
•• Interfaces (design and production) 

• Variable and flexible production 

• Small-batch production 

•• Production control using artificial intelligence (Al) 

•• Quality control using Al 

• Facilities renewal using Al 

••• Supporting intelligent computer-aided design 
•• Manufacturing systems (autonomous and decentralized 
scheduling) 

•• Evaluating production systems 
••• On-line inspection 

duction-related information and communications technologies for: 


••• Manufacturing systems (real-time decentralized) 

••• Setting up and controlling knowledge bases for manufacturing 
systems 

••• Integrating production databases 
••• Production simulation 

• Production control and management using fuzzy logic 

• Production control and management using neuro-logic 

• Automatic preparation of manufacturing documents 
••• Inputting three-dimensional information 

• Manufacturing equipment (remote-control) 

•• Real-time image processing for manufacturing systems 
•• Standardization of product models 
•• Standardization of regulating networks 
•• Standardization of electronic transactions 
•• Standardization of conversational graphics 

• Interfaces for cell-based communications 

•• Application of interfaces to manufacturing system networks 

• Using overseas networks through satellites 

Production-control equipment and processing technologies for: 


• Three-dimensional recognition 

•• Production-control using expert systems 
•• Fault tolerance for manufacturing systems 
•• In-process sensing 
•• Autonomous robots 

• Skill-replacing robots 


• Scheduling for cooperative robots 

•• Sophisticated autonomous functions in numerically 
controlled systems 
•• Energy beam processing 

• Multifunction integrated processing 

** Autonomous decision-making in automatically guided 
vehicles 

• Direct numerical control for automatically guided vehicles 

• Using automatically guided vehicles in clean rooms 
•• Automatic inspection using Al 

• Imparting sophisticated functions to automated ware¬ 
houses 


Application technologies for new materials Invohrihg: 


••• Ultra-heat-resistant ceramics and composite metals 
••• Ultrahigh-strength and tough materials 
••• Function-oriented composite materials 
••• New sensors 
•• High-capacity batteries 
•• Materials handling 
•• Advanced structure analysis 
•• Products made from soft materials 
•• Solid image sensors 
•• Holograms 
• Infrared camera devices 


Human factors in production, encompassing: 


•• Research into the area as a whole 

•• Research into human factors in architecture 

* Research into the role of humans in sophisticated automated 
plants 

•• Technology for optimizing the production environment 
••• Human mimetic technology 

* Measuring technology using human-like senses 

* The use of multiple media at the human interface 

** The use of inferential and learning capabilities In man-machine 
interfaces 

* On-line consultant technology 

•• Computer-aided instruction for manufacturing systems using expert 
systems 

•• Artificial reality technology in production 

• Early period • Middle period » Late period 
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Domains of research spelled out in the original Japanese proposal for an intel¬ 
ligent manufacturing system are shown in the triangular color area at the top. 


cussion include: the rights will be assigned in accord with the US. 
Government Intellectual Property Rights Annex for international 
agreements; such rights in Third World countries should be de¬ 
termined by mutual agreement of the parties; US. participants 
shall have the sole power to decide issues such as royalty rates, 
sublicensing rights, and so forth within the United States; and 
software developed in the course of research will be treated con¬ 
sistently with these recommendations. 

Several questions were raised concerning the contributions to 
be made to cooperative projects: 

• How will each partner assess the weight of its potential con¬ 
tribution in unique research facilities, expertise, and other non¬ 
cash resources? 

• Should there be a centralized funding pool set up for all proj¬ 
ects, modeled after the National Science Foundation paradigm? 

• Should industrial contributors be allowed to target funds to 
specific research areas? 

• Should a specific mix of private sector and Government fund¬ 
ing be required? 

• Should current domestic efforts be accounted for, and as ap¬ 
propriate reformed to provide a partner’s contribution (in-kind 
matches from existing programs like Esprit, Brite, and Mantech)? 

• Should reprogramming existing R&D funds be targeted in lieu 
of seeking new funds? 

• What should be the relationship, if any, between the overall con¬ 
tribution provided by an industrial participant, including fund¬ 
ing families and expertise, and the control of the project agenda 
and the distribution of benefits? 

July 1990—EC’s counterproposal 

Later in July, the EC described to DOC officials an outline 
of their counterproposal calling for the program to be renamed 
“Future Generations Manufacturing Systems.” It cited as the key 
issue the modalilities of cooperation and said that other issues were 
dependent on that issue’s being resolved. It also stated that there 
would be no research centers but a regionally distributed work 
program made up of tripartite working groups instead. 

With regard to proposals, the EC said there would be a call 
for them to the members, they would be made by tripartite con¬ 
sortia, and they would all require tripartite evaluation and ap¬ 
proval. In addition, each region would fund corresponding 
subprojects, bipartite consortia could be acceptable in some cases 
but subject to tripartite approval, and the composition of con¬ 
sortia could be modified only by tripartite agreement. 


The EC also recommended that the first year 
focus on a feasibility study of technical areas and 
that it include a pilot project. 

Additional recommendations on intellectual 
property and exploitation rights include: 

• Intellectual property shall be owned by the par¬ 
ticipants generating the information involved. 

• Summary information shall be made available to 
all participants in the program. 

• Participants in a project shall have royalty-free 
rights to the intellectual property emanating from 
the specific project for use in that project. 

• Participants in the same subprogram shall be 
granted limited rights to the intellectual property at 
cost. 

• Participants in the program shall be granted limit¬ 
ed rights to the intellectual property at the market 
rate. 

• All participants in a project who have made a sig¬ 
nificant contribution to the project shall have free 
full rights to the intellectual property originating 
from the project. 

• All participants in a project shall grant each other 
full rights in any software resulting from the proj¬ 
ect, including'the right to sublicense in the normal 
course of their business. 

August 1990—Japan’s counterproposal 

In August, MITI submitted a revised intelligent manufactur¬ 
ing system proposal to DOC. It suggested setting up a trilateral 
government meeting to establish basic principles, a steering com¬ 
mittee made up of world authorities from industry and acade¬ 
mia, and both a technical committee and an intellectual proper¬ 
ty rights committee to advise the steering committee. 

The Japanese proposed action in two stages. First, companies, 
universities, and research institutes from each region would form 
consortia; existing international research centers would be used; 
and members of each consortia would pursue research jointly 
by networking together and exchanging information. Also, 
secretariats would be formed as necessary, and governments 
would provide subsidies at their discretion. 

In the second stage, a joint international research center would 
be established in one of the three regions; each region would fund 
one-third of research with the ratio of funding in each region in¬ 
dividually determined; and each region would convene a meet¬ 
ing of experts to consider R&D topics to propose. 

In the Japanese counterproposal, ownership of the rights to 
research results would be determined according to the degree of 
contribution of each researcher. Registration and protection of 
rights would be handled according to the nature of the rights in¬ 
volved and the laws that consequently apply. Participants in the 
program would be given priority access to the results as soon as 
possible; the general public, at the appropriate time. 

September 1990—DOC workshop 

On Sept. 26, DOC held a workshop in Washington, DC., at 
which the status of the intelligent manufacturing systems proj¬ 
ect was presented. Participants were presented with questions 
about the DOC strawman proposal. The inputs from the work¬ 
shop will be used by DOC to develop its proposal, which will then 
be discussed in Japan in November. 

Those discussions will have significance beyond simply the suc¬ 
cess or failure of the intelligent manufacturing system proposal. 
If the program can be structured to the satisfaction of all par¬ 
ties, it will pave the way for future such initiatives from Japan. 

Phyllis A. Genther, director of the Japan Tfechnology Program 
at DOC, told Spectrum that MITI already has other specific 
proposals in mind. But Hidehiko Nishiyama, deputy director of 
MITI’s Industrial Machinery Division, told us that no decision 
has yet been made on any future proposals. ♦ 
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Whatever 

happened 

to? 


The paperless 
office 

Each day, U.S. companies produce about 
one billion pieces of paper. This is broken 
down into 600 million equivalent pages of 
computer printouts, 234 million photocop¬ 
ies, and roughly 100 million copies of other 
paper docwmenfs.—“Information and 
Image Management: The Industry and the 
Technologies,” Coopers and Lybrand, As¬ 
sociation for Information Management, 
Silver Spring, Md., 1987. 

Evolving technologies such as magnetic 
and optical storage, electronic and voice 
mail, and video systems were supposed to 
rid the office of paper documents. Yet 
paper usage still grows by nearly 5 
percent per year, and the paperless 
office remains a myth. 

There are several reasons why 
paper does not vanish. First and 
foremost, it is still people’s preferred 
way of absorbing complex informa¬ 
tion, thanks to their training, histo¬ 
ry, and culture. Schools still focus 
on the printed page even though 
electronic alternatives are gaining. 

Books, newspapers, and magazines 
are still the principal media through¬ 
out the world for presenting infor¬ 
mation. 

Second, the very products that 15 
years ago promised to pension off 
paper—the personal workstation 
and the desktop computer—are in¬ 
stead promoting its use. With 
word-processing software, complex 
documents can be produced 
efficiently—business graphics and 
scanned photographs as well as 
more complex images. 

More to the point, almost every 
workstation and personal computer has a 
printer connected to it. And to further en¬ 
courage the use of paper, modern 
printers—particularly laser and ink-jet 
types with gray-scale capability—can cre¬ 
ate documents out of a multitude of fonts, 
graphs, and images. Furthermore, color 
ink-jet printers and, to a lesser extent, color 
thermal transfer and color laser xerograph¬ 
ic printers are on the scene. 

Third, modern copiers, whose products 
often look better than the originals, pro¬ 
duce more than 100 pages per minute. That 
capability encourages a wider distribution 
of all documents, but especially those with 
many pages. 


Finally, the use of office and personal 
facsimile equipment has ballooned, and 
the thermal-paper facsimile messages are 
often copied onto plain paper and the origi¬ 
nals discarded. 

Such innovative products readily con¬ 
jure up image-rich documents that can be 
circulated far and wide. When worksta¬ 
tions and printers are networked, docu¬ 
ments generated in one location can be 
printed in another, further multiplying the 
number of complex documents that are 
consistently printed before they are even 
read and found to be worth printing. 

Increasingly, documents will be gener¬ 
ated electronically, communicated elec¬ 
tronically, and filed in electronic form. 
Image scanners will allow bitmap recog¬ 
nition of text. The ability to parse complex 
documents into text and graphics will im¬ 
prove the efficiency of transmission and 
storage of electronic documents. 

Few people enjoy studying a document 
in electronic form if it is long or complex, 
requires browsing or rereading, or needs 
to be transported or annotated. Only when 
the message fits into one page do most 
people care to review it on-screen. 

To induce people to work with electron¬ 
ic documents, four technological ad¬ 
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vances are needed: personal software 
filters, better flat-panel displays, browsing 
algorithms, and the ability to annotate 
documents electronically. 

Personal software filters that can be ad¬ 
justed to one’s daily needs would make a 
big difference. For personal use, systems 
available today for doing library and data¬ 
base searches are too compute-intensive 
and expensive, and come with dauntingly 
complex user interfaces. There is also a 
need for filters of incoming information, 
which individuals can set daily or even 
hourly to recover only what they need. 

Such information filters should be front- 
end additions to personal workstations, 
private files, and fax machines and should 
be adjustable for key words or phrases. 


They should rate incoming information on 
the basis of user interest. In the long term, 
they should learn the characteristics and 
preferences of the individual user. 

Another necessity is a method for ac¬ 
quiring information that will not be need¬ 
ed until later. Robert Kahn of the National 
Research Initiatives Corp., in the May 1990 
issue of Science, envisioned a personal 
software knowledge robot—he called it a 
personal knowbot—that could be sent out 
to public and private databases to collect 
information required for a particular task 
and transmit it in capsule form to the user. 
The knowbot could also contact key in¬ 
dividuals within or outside one’s compa¬ 
ny for their opinions and input. For know- 
bots to be used extensively, large public 
and private databases would have to be 
connected by wideband, high-speed 
networks. 

Before people will use electronic infor¬ 
mation more heavily, better flat-panel dis¬ 
plays are necessary. High-resolution dis¬ 
plays, with color that could eliminate glare 
and operate in any light, would greatly en¬ 
hance the comprehensibility of electron¬ 
ic information. The displays would, of 
course, have to be low-power, lightweight, 
inexpensive devices. 

Today’s laptop computers have 
enough memory to store docu¬ 
ments, but need to be lighter in 
weight and consume less power. 
Since both displays and memory de¬ 
pend on silicon 1C technology, how¬ 
ever, weight, power, and size should 
continue to halve every three years. 

And to further undercut the 
popularity of paper, it will be neces¬ 
sary to develop both improved 
browsing algorithms for complex 
documents in electronic form and 
the ability to annotate documents 
electronically. One reason facsimile 
has such appeal is that the user can 
annotate a document almost any¬ 
where and transmit those annota¬ 
tions immediately. That, coupled 
with the ease of identification of 
sender and receiver through the 
telephone system, has fueled the 
explosion in the use of facsimile. If 
personal workstations had a similar 
capability, electronic documents 
would find a much warmer welcome. 

As computational prowess and software 
development zero in harder on information 
needs, the trend will be away from strictly 
paper information and toward information 
in electronic form. But to assimilate infor¬ 
mation in the foreseeable future, most peo¬ 
ple will favor paper. 

About the author 

William J. Spencer (F) became president 
and chief executive officer of Sematech 
Inc., Austin, Texas, Nov. 1. He had been 
group vice president and senior technical 
officer. Corporate Research Group, for 
Xerox Corp. in Stamford, Conn., since 1986. 
Previously, he had been vice president and 
manager of the company’s Palo Alto Re¬ 
search Center. ♦ 
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Japan telecommunications 
at the crossroads 

In 1985, Japan introduced competition into analog communications, 

but now digital technology has changed the industry—so what should be done? 


In 1985, with Japan’s enactment of the foie, 
communications Business Law, the Japanese com¬ 
pany Nippon Telegraph & Telephone Public Corp. 
was turned from a Government-owned monopoly 
to a private company, Nippon Telegraph & Tele¬ 
phone Corp. (NTT). The new law aimed to introduce 
competition and reduce charges in toll (long¬ 
distance) communications and to diversify services, 
while maintaining low-cost universal local service 
and NTT’s technological capability. 

In the past half decade, however, toll charges have remained 
higher than the international standard, competitors have not been 
as successful as desired in providing new services different from 
those offered by NTT, and labor productivity has been modest 
compared with other Japanese industries. In addition, the 1985 
law is now facing complaints from new common carriers, which 
are calling for a completely revamped policy. 

Part of the reason for this outcome has been advances in tech¬ 
nology itself: the advent of the integrated services digital network 
(ISDN). When NTT was privatized, analog communications were 
well established and dominant in Japan. But ISDN, now being 
introduced into NTT’s network, is upsetting market conditions 
for businesses based on analog technology, posing political and 
economic problems not anticipated in 1985. 

The 1985 law included an article requiring a review of the struc¬ 
ture of the Japanese telecommunications industry after five years. 
This March, the country’s Telecommunications Council of the 
Ministry of Post and Tfelecommunication of Japan (MPT is 
Japan’s counterpart to the US. Federal Communications Com¬ 
mission) published a report suggesting that NTT actually be split 
up into one local telephone company and one toll company. This 
breakup would be analogous to the way the US. Bell System was 
split up into seven local companies and one toll company in 1984, 
and for similar reasons: to solve the problems of unequal com¬ 
petitive conditions existing between new common carriers and 
a single dominant carrier. 

Although this year any decision to divide NTT was tabled until 
1995—a political move made because of NTT’s low stock price- 
many experts feel some major step is necessary. A simple breakup 
may not help solve the problems in the industry, but continua¬ 
tion of present regulation will only make them worse. 

What should be done? 

Intent versus result 

When NTT was privatized, the major areas into which com¬ 
petition was introduced were long-line transmission, cellular ser¬ 
vices, value-added network (VAN) services, and customer- 
premises equipment. Tb minimize the impact of this change on 
NTT’s business activities and technologic^ capabilities, the com¬ 
pany itself was not required to change its overall corporate struc¬ 
ture. It was believed that telecommunications in Japan could be 

Tadao Saito University of Tokyo 


diversified and costs driven down by introducing 
competition while still maintaining the stability and 
universal service of a monopolistic system. In this 
key respect, the NTT privatization differed from 
AT&T’s divestiture a year earlier. In fact, it is more 
akin to the US. situation in the early 1980s right be¬ 
fore the divestiture, when the FCC was trying to in¬ 
troduce regulated competion against the Bell 
System. 

Unlike the case in the United States, basic com¬ 
munications service (transmission and switching only) in Japan 
was not distinguished from enhanced communications services 
(requiring some information processing). Instead, the major dis¬ 
tinction was ownership of transmission facilities. 

NTT and those few toll carriers that do own their own trans¬ 
mission facilities were designated Type 1 common carriers; most 
VAN providers, which lease transmission facilties from the TVpe 
1 common carriers and then customize them to offer other ser¬ 
vices (such as digital data) were designated Type 2 carriers. In 
addition, some Type 1 common carriers, including NTT, also offer 
VAN services. Type 2 carriers are categorized as special (those 
with more than 500 circuits) and general (those with fewer than 
500 circuits). The Ministry of Post and Telecommunication 
(MPT) regulates services, tariffs, regions of operation, and so on 
of only the Type 1 carriers. Type 2 carriers operate essentially with¬ 
out regulation. 

Overall, experts agree that the privatization of communications 
in Japan has successfully expanded competition. In the last five 
years, the number of NTT’s competitors has gone up by an order 
of magnitude—many more than initially expected [see Tkble]. 

Over that same five-year period, with the advent of the com¬ 
peting long-distance carriers, the charge for long-distance calls 
has also dropped by 30-50 percent [see figure on the opposite 
page]. But by international standards, the charge for a long¬ 
distance call in Japan is still much higher than that of other coun¬ 
tries. Users have been frustrated with the situation, but it is dif¬ 
ficult to motivate the other Type 1 common carriers to reduce 
their toll charges drastically, and they tend to fix their charges 


Defining terms 

Type 1 common carrier: a common carrier that owns trans¬ 
mission iines and can provide both basic and value-added 
communications services. 

Type 2 common carrier: a common carrier that does not own 
transmission lines, but leases them from Type 1 carriers. 
These carriers offer only value-added services: they are clas¬ 
sified into Special Type 2, which have more than 500 circuits 
in their networks, and General Type 2, which have fewer than 
500 circuits. 

Value-added network (VAN) service: a service that is resold 
by providing basic communications plus an added feature, 
such as a leased line with packet switching. 
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at a level a little cheaper than that of NTT. Since the rates are 
decided based on a petition from each carrier, the MPT cannot 
set the actual rates. 

Even more seriously, NTT’s labor costs have still remained 
higher and productivity lower than those of other Japanese in¬ 
dustries. For example, in 1987 NTT’s labor cost as a percentage 
of total costs was about 36 percent, while the average percent¬ 
age in service industries overall was 15 percent and in large-scale 
retail industries, about 10 percent. One of the reasons is the strong 
influence of labor unions on NTT’s management, and neither 
the unions nor management has worked very hard to improve 
labor efficiency. To be fair, relatively high labor costs in commu¬ 
nications companies is a common problem worldwide—it is not 
unique to NTT. But it does mean the privatization of NTT did 
not achieve one of its principal ends of substantially lowering 
costs in a short time. 

One-way flow 

It was once considered difficult to reach quick profitability in 
the communications industry since a great deal of initial invest¬ 
ment is required. However, although figures vary for companies 
in the industry, many are enjoying 
steady growth. All three Type 1 
common carriers providing toll 
communications service (Daini 
Denden Inc. or DDI, Japan Telecom 
Co., and Teleway Japan Corp., all 
based in Tokyo) reported a profit in 
fiscal year 1989 (which ended in 
March 1990). 

New Type 1 firms are also enter¬ 
ing local and regional communica¬ 
tions. But here NTT has a consider¬ 
able advantage. The local infra¬ 
structure, which includes the sub¬ 
scriber distribution system that was 
built during the monopoly period, 
helps NTT keep local tele¬ 
communication rates low. New Type 
1 carriers must construct their own 
distribution systems, requiring a 
tremendous investment over a short 
time. Since the local-distribution 
technology is mature, significant 
cost reductions characteristic of new 
technologies cannot be expected. 

Therefore, local distribution ser¬ 
vices do not yield profit to the new 
firms joining the field, and the 
number of local networks compet¬ 
ing with NTT is limited. The only 
exception is some new firms han¬ 
dling cellular radio and paging 
services. 

For these reasons, the Japanese 
communications network depends 
principally on NTT for local service. 

Lx)cal and long-distance carriers 
alike are becoming increasingly 
aware that the demand for their ser¬ 
vices depends on NTT’s support— 
and that, indeed, they cannot con¬ 
tinue in business without the good 


Reduction of rates—a major objec¬ 
tive of the privatization of Nippon 
Telegraph & Telephone Corp. and 
the introduction of competition into 
the telecommunications industry — 
has been at least partially successful 


will of NTT, their competitor. They cite three principal problems. 

First, NTT has significant control over the market because it 
possesses technology and the R&D capabilities accumulated dur¬ 
ing its monopolistic years, and it is overwhelmingly larger than 
that of any other carrier. DDI—the largest new common 
carrier—has an annual revenue of 100 billion yen (about US $700 
million), which is less than 2 percent that of NTT. 

Second, NTT cross-subsidizes its various services, so that the 
revenues and expenditures of each type of service—local and toll 
call charge—remain unknown to non-NTT carriers. Third, NTT 
automatically obtains much information (such as the amount of 
business traffic in one particular region) about new common car¬ 
riers through their connection with the local network, but those 
carriers cannot in turn obtain similar information about NTT. 
In addition, in many cases, NTT unilaterally specifies interfac¬ 
ing requirements, discouraging innovation by the other common 
carriers. Although these problems can be mitigated by the good 
will of NTT, they nonetheless all add up to unfair competition. 

As a result, many of the new common carriers now want NTT 
to separate the local network from all other NTT services; this 
would be analogous to the AT&T divestiture, in which local ser- 
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vice was given to the seven regional holding companies that are 
operated as regulated monopolies, allo>ving all interexchange car¬ 
riers equal access to the local network. Such a separation, many 
Japanese experts believe, would give the new common carriers 
equal access to the local network. 

Fears for the future 

Some experts fear that splitting up NTT could adversely af¬ 
fect low charges for local calls, original communications tech¬ 
nology, and reliable management of a unified network. 

It has been suggested that Japan adopt the US. model of keep¬ 
ing local rates down by having toll companies pay an access charge 
for connecting with the network. But in the United States, the 


access charge consumes nearly half the sales of the toll compa¬ 
nies, leading some to question how long the new—and relatively 
small—toll carriers in Japan could bear such a burden. Right now 
NTT is the only carrier that, in effect, pays access charges, as 
its long-line business section cross-subsidizes its local services. 
Other common carriers are completely exempted from paying ac¬ 
cess charges—and even the 1990 Telecommunication Council pro¬ 
posal to split NTT maintains that exemption. 

Although NTT’s research and development is recognized as 
a great contribution to Japanese technological capabilities, others 
question whether a split would prohibit the centrd company from 
continuing the same level of technological effort. Such a research 
organization, if lost, would require much time and effort to re¬ 
build, and any negative impact is likely to be long lasting. In the 
1990 report, MPT’s Telecommunication Council advised that if 
NTT were divided into one local service company and one toll 
company, the laboratory should remain a part of the local ser¬ 
vice company. It also urged that the local service company keep 
a majority of the present revenue of NTT, allowing it to support 
the necessary R&D. 

Between 1985 and 1990, however, the stock price of NTT has 
fallen. When NTT was privatized, the Japanese Government suc¬ 
cessfully obtained a substantial amount of money by selling NTT 
stock. At first, each share sold for about 1.2 million yen (about 
US $8000) and boomed to more than 3 million yen (about 
US $20 000). But with a 1988 scandal in which NTT president 
Hisashi Shinto was accused (and later convicted) of taking bribes 
from the Recruit publishing group in Japan, followed by a general 
slump of the Japanese stock markets in 1990, NTT’s stock price 
dropped. 

Japan’s Ministry of Finance, fearful that NTT’s stock price 
fall might accelerate with the decision to break up the company, 
opposed the Tfelecommunication Council’s 1990 report. Because 
of that opposition, the Japanese cabinet postponed the discus¬ 
sion of a breakup for another five years. In spite of this decision, 
NTT’s stock has continued to fall, along with the stock market 
in general. In September 1990, NTT’s stock price was lowered 
to 700 000 yen (about $5000). Only time will reveal if—and how 
well—it will recover. 

The shift from the analog system to ISDN in Japan’s commu¬ 
nications network is not merely a technological change. It is caus¬ 


ing complicated shifts in the whole competitive structure of com¬ 
munications. 

For example, there is the situation that occurred with packet 
switching after ISDN was introduced. Traditionally, packet 
switching, supplied to fewer users than telephone services, was 
provided by NTT and a few special Type 2 common carriers as 
a digital service separate from the conventional analog network. 
Before the advent of ISDN, a single packet-switching access node 
was established in each city, and a subscriber’s line was installed 
as a leased circuit between the subscriber’s premises and the ac¬ 
cess node. Such a line was often longer than 10 kilometers, and 
most of the monthly charge for the service (generally about 20 000 
yen or US $140) reflected the cost of laying the line. A similar 
basic cost applied to both NTT and the special Type 
2 common carriers. 

With ISDN, however, all central office switches pro¬ 
vide both circuit switching for conventional tele¬ 
phones plus packet switching, which allows all tele¬ 
phone exchanges in a city to have the packet-switching 
function. The subscriber’s line need run only to the 
nearest central office. As a result, the line charge for 
packet switching over ISDN is much lower than that 
of the conventional packet-switching service—leaving 
the Type 2 common carriers totally uncompetitive with 
NTT’s ISDN. 

After negotiation with NTT and MPT, Type 2 
carriers have been allowed to use the ISDN local 
access facilities to offer their services. Originally, 
ISDN was conceived as one complete integrated 
network. However, if a number of Type 2 carriers use only a frac¬ 
tion of available ISDN lines and also add various technologies 
for VAN services, maintaining network integrity could be 
formidable. 

The main problem 

These changes in Japan’s communications industry spurred 
by technology have created many conflicts within the country’s 
communications network since the privatization of NTT. It can¬ 
not be denied, though, that such problems arose in part because 
of the major premise underlying the 1985 change: to retain the 
advantages of a monopolistic network even in a competitive 
arena. To resolve such antagonisms, possible next steps- 
including the division of NTT—are being discussed, and the 
Telecommunication Council is studying the structure set up by 
the AT&T divestiture. 

Some Japanese experts—including myself—feel that the an¬ 
swer is not to support old technology past its time, but to devise 
a new structure for regulation fitted to the circumstances creat¬ 
ed by the new technology. New technology cannot work proper¬ 
ly if it is not accompanied by a correspondingly new industrial 
structure. 

Whatever happens, however, the experience of 1985 shows one 
basic lesson: to be successful over the long term, such discussions 
must focus not just on existing service suppliers but on future 
technological development and on the appropriate correspond¬ 
ing form for the network. 

To probe further 

This article is a translation and condensation of the author’s 
six-page special report, “Fifth Anniversary of Telecommunica¬ 
tion Regulation,” published in the Japanese edition of IEEE 
Spectrum by Maruzen Co., Tokyo, vol. 3, no. 6, June 1990. 

About the author 

Thdao Saito (M) is vice chairman of the editorial board of IEEE 
Spectrum’s Japanese edition. A graduate of the University of 
Tokyo in 1963, he became an associate professor of the universi¬ 
ty’s electrical engineering department in 1969. He became a full 
professor in 1986, with specialties in communication switching 
systems and computer networks. ♦ 


Number of new common carrier companies in Japan after Nippon 
Teiegraph & Telephone’s privatization 









Type 1 common carriers* 

0 

5 

11 

35 

43 

62 

Type 2 common carriers (totai)* 

85 

209 

356 

530 

693 

841 

Generai Type 2 common carriers* 

85 

200 

346 

512 

668 

813 

Special Type 2 common carriers' 

0 

9 

10 

18 

25 

28 

Total new common carriers 

85 

214 

367 

565 1 

736 

903 

1 Beginning Aprii 1 of each year. 

2 Type 1 common carriers own their own transmission taciiities. 

3 Type 2 common carriers iease taciiities from Type 1 carriers. 

4 General Type 2 common carriers have fewer than 500 circuits in their networks. 

5 Speciai Type 2 common carriers have more than 500 circuits in their networks. 
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JOIN 

THE WILCOX TEAM 

WILCOX ELECTRIC, INC., is a leading manulacturer of electronic and communications equipment. 
For over 50 years our people have made our success happen. We know that one of the ways to get to the 
top is to hire only the best. 

Join Wilcox where a career means working wKh a leader and playing an active team roll in maintaining 
our leadership in the Industry. 

We are seeking skilled professionals to till the following positions: 


SYSTEMS ENGINEERING 
SPECIALIST 

BSEE or MSEE. Requires 10+ years engineering 
experience. Five plus years experience In commu¬ 
nications systems engineering. Previous experience 
in digital HW and SW design and distant measuring 
equipment desirable. 

SOFTWARE TEST ENGINEER 

BS CS/EE or equivalent, 2+ years designing and 
developing embedded software In Ada. Two plus 
years software testing experience. Working knowl¬ 
edge of DOD-STD-2167A and software .testing 
methods. Experience with CADRE Teamwork and 
ALSYSAdaaplus. 

SOFTWARE ENGINEERS - Ada 


a Mil-Std environment Previous experience w#h in- 
circuit emulators and with formal analysis/design 
methods. Experience with CADRE Teamwork and 
ALSYSAdaaplus. 

SOFTWARE ENGINEERS C ' 

BS CS/EE or equivalent, 2-4 years embedded soft¬ 
ware development using C, Pascal or HOL and 
Assembly language. Experience with cross develop¬ 
ment from MS-DOS PC environment to embedded 
target or in-circuit emulators. Experience with struc¬ 
tured development methodologies, DOD-STD- 
2167A or Ada a plus. 


RADAR SYSTEMS ENGINEERS 

BSEE. 7+ years experience with radar systems and 
at least 5 years in design. Knowledge ot ground 
based radar. Forward looking professional with R&D 
ability, technical writing and good customer inter- 

MECHANICAL ENGINEERS 

BSME. 4+ years experience in design engineering 
and manufacturing support of tab or assembly work. 
Understanding of EMI shielding, thermal analysis/ 
heat transfer in electronics packaging and Geometric 
tolerancing/analysis. CAD drafting experience de- 

DIGITAL DESIGN ENGINEER 

BSEE required. 3-6 years experience in the design 
ol digital control and communication circuitry. 

PRODUCTION SUPPORT 
ENGINEER 

BSEE or equivalent with experience in trouble shoot¬ 
ing and supporting production of solid state HF, VHF 
or UHF transceivers. Should be tamiliar with opera¬ 
tion of RF, analog and power supply equipment. 
Should also have a fundamental understanding of 
digital logic. 

CONFIGURATION SPECIALIST 

Minimum of two years experience in hardware con¬ 
figuration management Must be familiar with DOD- 
STD-480 and 483A. Prefer PC/VAX knowledge and/ 
or software configuration management experience. 
Degree in electronics a plus. 


RF ENGINEER/ GROUP LEADER 

Requires a BSEE or MSEE. Minimum ol 4 years experience with design of 
VHF, UHF or microwave circuits, equipment or subsystems covering com¬ 
ponents, receivers or transmitters. Experience with design ol associated 
control and processing circuits. Familiarity with computer aided design. 
Previous leadership responsibility desired. 


We offer an , . . 

environment. If you would like to join the WILCOX TEAM, send your 
ELECTRIC, INC., 2001 N. E. 46th Street, Kansas City, MO 64116. Equal Opportunity i 


addition to a professional growth 
to: Teresa L. Griffin, WILCOX 

M/F/H/V 
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THE POWER 
BEHIND 
THE POWER. 


Human Resources 

Training Engineer 

The New York Power Authority, the 
state's leading electricity supplier, has 
excellent positions available in its White 
Plains office for Training Engineers. 
Responsibilities include analyzing plant 
systems to ensure training needs are met; 
providing guidance to Headquarters' departments on enhancing the 
engineering skills of staff; coordinating, developing, and implement¬ 
ing training programs throughout systems operations; and assisting 
with the development of on-site training policies and procedures. 
Applicants should have a Bachelor's degree in Engineering, a 
related science, or the equivalent; 5 or more years' related back¬ 
ground, at least 2 of which are in operations (must be in l&C/proc- 
ess control for one of the openings); and 2 years of engineering 
experience. Power plant experience is preferred. The chosen candi¬ 
date will be expected to travel about 40% of the time. 

We offer excellent salaries based on experience and benefits includ¬ 
ing medical, dental and vision, an employee savings plan as well as 
4 weeks' vacation and 13 paid holidays. To apply, please fax or 
send your resume and salatw requirement, in confidence, to: 
Employment Administrator, Dept. AT, New York Power Authority, 

123 Main Street, White Plains, NY 10601. Fax: (914) 287-3228. 

An affirmative action/equal opportunity employer. 


NewYorkPower 

Authority 


INNOVATION 

Intel. Probably the most innovative force in microcomputer technology. And definitely 
the most innovative move you could make for your career. We’re seeking dynamic, energetic 
professionals to help drive our technology in components, modules and systems. 

Sr. CAD Engineers 

We have positions available in the following areas: 


Develop physical design CAD tools such 
as standard cell, automatic place and 
route. Experience in VLSI design, layout 
algorithms, and UNIX* is required. 
Configure/implement VLSI CAD 
database/data management system in 
distributed workstation environment. 
Define interfaces and modify existing 
CAD tools. Experience in high level 
languages is required. 


Provide applications support of CAD 
tools in design environment. Debug, 
enhance and test new tools. Experience 
in VLSI design, verification, fault grading 
& test, logic simulation requited. 

Design CAD tools to support simulation, 
layout, circuit design, high level modeling 
and layout verification. Experience in 
CMOS VLSI design required. 


The University of Sydney 

AUSTRALIA 

ELECTRICITY 
COMMISSION CHAIR OF 
POWER ENGINEERING 

Reference No. 38/03 

The successful candidate 
should have appropriate teach¬ 
ing, research and industriai ex¬ 
perience in the field of electric 
power engineering. Preference 
may be given to applicants with 
a specific interest in sensors 
and instrumentation related to 
electric power. 

The Chair receives generous 
support from the New South 
Wales Electricity Commission. 
The School has teaching and 
research interests across the 
broad range of electrical en¬ 
gineering, including electronics, 
communications and computer 
engineering. It has a strong 
reputation in industrially-related 
research and wishes to expand 
its links into industry as well as 
to be a focus for high quality 
research. 

The applicant may be asked to 
take on the role of Head of the 
School of Electrical Engineering 
from time-to-time and must 
therefore be able to demon¬ 
strate skills and a willingness 
appropriate to the role. 

The University reserves the right 
to appoint by invitation and not 
to proceed with any appoint¬ 
ment for financial or other 
reasons. 

Further general information is 
also available from the Associ¬ 
ation of Commonwealth Univer¬ 
sities, 36 Gordon Square, 
London, WC1HOPF. 

Salary: $A67,812 per annum with 
the possibility of a market load¬ 
ing of at least 15%. 
Applications (in triplicate for 
Chairs) quoting reference no., 
and including curriculum vitae, 
list of publications and the 
names, addresses and fax. nos. 
of three referees, to the Regis¬ 
trar, Staff Office, University of 
Syndey, NSW, Australia 2006, 
from whom general information 
is available by 22 November, 
1990. 

Equal employment opportunity 
and no smoking 
in the workplace 
are University policy. 


Positions require BS in EE or CS with 2-5+ years experience in CMOS VLSI design, 
CAD software development, or database deployment. 

For immediate consideration, please send your resume to: Intel Corporation, Dept. 
S168, P.O. Box 58121, Santa Clara, CA 95052-8121. Intel Corporation is an equal 
opportunity employer and fully supports affirmative action practices. Intel also supports a 
drug-free workplace and requires that all offers of employment be contingent on satisfactory 
pre-employment drug test results.'UNIX is a trademark of AT&T. 

Intel in Santa Clara. A Great Place to Work. 

biy 
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We're looking for engineers 
who really like to sweat. 


When you work at FPL, you get to live in Florida. 
And that means activity-filled beaches, spectacular 
golf courses and tropical weather nearly all year round. 

But it also means the chance to work for one of 
America’s largest investor-ovmed electric utilities, in 
one of the country’s fastest growing service areas. 

A place where engineers are recognized for their 
technical achievements and innovative solutions. 

If you’re a dedicated professional with a B.S. 
degree and five years’ experience in Electrical, 


Mechanical or Civil Engineering, we’d like to hear from 
you. We offer competitive salaries, excellent benefits 
and a challenging place to work. Not to mention, 
Florida. A great place to work up a sweat. 


Send your resume and salary history to: 
FPL, Human Resources 
Dept. IEEE 

3361 S.W Third Avenue 
Miami, FL 33145 

An Equal Opportunity Employer. M/F 

FPL 

an FPL Group company 









ENGINEERING 


EPRI 


We're Powering 
The Future 

Dedicated to excellence in science and technology, 
our business is to create, integrate, and interpret 
scientific and technical information in an effort to 
better meet society's needs for safe, economic, reli¬ 
able and environmentally responsible electricity. 

Project Manager 

■ Power System Planning & Operations 

Working in our Electrical Systems Division, you 
will manage multiple projects in power systems 
operation ond planning, monitor contractor per- 
formonce, and manage the project budget. 

The successful candidate will possess a BSEE (MSEE 
preferred), or equivalent, 5-7 years of experience 
in the electric utility industry with a primary focus 
in the areas of power system operations, energy 
control center performance, and operations plan¬ 
ning. In addition, you must have demonstrated 
knowledge/expertise in the application of power 
system operation software such as system security 
analysis, dispatcher training simulator tools, unit 
commitment and economic generation dispatch, 
optimal power flow and power system stability, 
and energy/power transaction analysis. 
Knowledge of PC's is desirable. Excellent verbal 
and written communication skills a must. 

EPRI offers top candidates on extremely competi¬ 
tive salary and an excellent benefits package. 
Please submit your resume with salary require¬ 
ments to; D. Staten, EPRI, Human Resources 
Department IEEE, 3412 HilMew Avenue, P.O. 
Box 10412, Palo Alto, CA 94303. We are an 
Equal Opportunity Employer. 



Graduate Assistantships in Optics 
at CREOL 

The Center for Research in Electro-Optics and Lasers (CREOL) 
at the Univesity of Central Florida is seeking highly qualified 
applicants for a number of Graduate Assistantships in optics. 
Stipends range from $11,000 to $14,000 for 12 months. Ex¬ 
ceptional students will be considered for assistantship enhance¬ 
ments up to $4,000 through the Litton Foundation and United 
Technologies Optical Systems. Degrees of MS and Ph.D. in En¬ 
gineering and Physics are offered at UCF. CREOL has 28 faculty 
positions devoted to lasers and optical sciences and engineer¬ 
ing. The academic program includes basic Electrical Engineer¬ 
ing and Physics courses as well as, 23 specialized courses 
in electro-optics and lasers. Current research activities include: 
laser propagation, laser/material interaction, nonlinear optics, 
integrated-optics, infrared systems, optical signal processing, 
laser development, detector technology, ultrafast phenomena, 
x-ray sources and lithography, nonlinear optical spectrosco¬ 
py, diffractive optics, thin film optics, metal vapor lasers, free 
electron lasers, optoelectronics, growth of nonlinear and laser 
host materials, superconductivity, solid state and micro lasers, 
and others. 

Applications are invited from students with an excellent aca¬ 
demic record and fluent command of the English language. 
Completed applications are due by March 15,1991. To receive 
an application package, write to: 

CREOL - University of Central Florida 
Graduate Affairs Committee 
12424 Research Parkway, Suite 400 
Orlando, Florida 32826 


CHIEF ELECTRICAL ENGINEER 


Leadership characterizes everything about the Port Authority ot NY & NJ, 
the bi-state agency involved in transportation, world trade and economic develop¬ 
ment. You see it in our facilities, which range from the George Washington 
Bridge and Kennedy Airport to the World Trade Center. And it’s the quality we 
seek in our next Chief Electrical Engineer. 

In this Executive Management position you’ll be responsible for promotion 
of state of the art engineering standards to be followed by the entire organiza¬ 
tion as you supervise and direct electrical and electronics design. You’ll manage 
and motivate a staff of over 80 professionals to achieve quality design and 
construction standards on schedule and within budget. You’ll solve problems 
that are complex and unusual. Technical disciplines will include high and low 
voltage power distribution and utilization systems, systems protection, cathodic 
and stray current control measures, virtually every type of lighting, communi¬ 
cations and electronics system from control and data acquisition for security 
and revenue control to microwave and fiber optics. 

The knowledge base required for this challenge encompasses technical 
industry standards; national and local electrical codes; building, fire and safety 
codes; demonstrated competence in economic feasibility analysis and in-depth 
knowledge of consultants in the field. You must have a minimum of 15 years of 
progressively responsible experience, at least 5 years at a supervisory level; 

NY and NJ PE License or ability to transfer your current license within 6 months. 

A Bachelor’s Degree in Electrical Engineering from a certified program, with an 
electrical power major, electronics minor is required, Master’s preferred. 

The Port Authority offers a competitive salary, comprehensive benefits in¬ 
cluding life, health and dental insurance, generous vacation and retirement 
plans and the opportunity to have real impact in your field in a rewarding, high 
profile position. To apply, please send resume and salary history, in complete 
confidence, to: The Port Authority of NY & NJ 

Human Resources Dept, 44N, Box EC-10 
One World Trade Center 
New York, NY 10048 

THE POin-AUlHORmr®(?[M©KM 

^ Equal Opportunity Employer M/F/H 
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One Company’s 

Vision 


Can Give Your 
Career A New View 


GE Aerospace Military & Data Systems 
Operations states its mission simply. Be 
the premier contractor for sophisticated 
command, control and information sys¬ 
tems. We're making our vision a reality 
through results-proven professionals like 
you. 

Combine your expertise with our 
resources and you’ll discover how we 
reach solutions that no one else can — 
on time, on budget and right on target. 

At the same time, you’ll enjoy a level of 
involvement in national programs that 
few companies can match. You’ll work 
in an environment that’s constantly re¬ 
tooling for the future. And you’ll thrive 
with the opportunities for professional 
development and advancement that GE 
offers, including an in-house, accredited 
Master’s degree program. 

We continually seek experienced, 
degreed systems and software profes¬ 
sionals for opportunities in Valley Forge, 
PA, a thriving suburb of Philadelphia, 
and metropolitan Washington, DC. 
Systems Engineers & Analysts 
Command & Control 

• C^ operations conceptualization and 
development 

• Top-level systems design and 
requirements definition 

• Segment design 


Systems Engineers & Analysts 

Resource Management 

• Operations research 

• Man-machine interfaces 

• Software lifecycle 

Al Information Systems Analysts 

• Image understanding 

• Object-oriented technology 

• Sun, Symbolics and VAX environments 

• ART, CLIP, KEE, Lisp and C-i-+ 
languages 

Data Systems Engineers 

• Orange and Red Book Standards 

• Network security 

• Accreditation of trusted systems 

• DoD 50200.28 criteria 

Software Engineers/Software 

Analysts 

• Software development for vast informa¬ 
tion processing systems and applica¬ 
tions 

• Hands-on experience with SUN/UNIX, 
VAXA/MS, IBM MVS/XA, C, Ada, 
Fortran, Pascal 

Computer Security Specialists 

• Development of trusted systems, soft¬ 
ware, databases, operating systems or 
communications 

• 2+ years in a computer security role, 
ideally in an IBM mainframe environ¬ 
ment 


Communications Systems Engineers 

• Systems architecture, requirements 
analysis and definition, and the design 
and development of RF analog or digi¬ 
tal communications systems 

• 3+ years experience with satellite or 
ground systems 

Telephony Engineer 

• Design, installation and integration of 
telecommunications systems 

• 3-1- years experience with digital trans¬ 
mission of data-voice-video, voice-data 
encryption, digital coding 

Wang VS Systems Analysts 

• Applications and utilities support to 
Wang VS users 

• Hands-on knowledge of Wang VS sys¬ 
tem utilities, VS procedure language, 
20/20 spreadsheet design and devel¬ 
opment 

• 3-1- years Wang analytical support 
experience 

Wang VS Systems Administrators 

• User support and overall resource 
management for information centers 
with multiple Wang VS systems 

• LAN/WAN operations experience 

• BSCS or 3 years experience in sys¬ 
tems administration 

Application Programmers 

• Software development for strategic 
business systems 

• 3-r years experience with IBM and 
Macintosh, DB2 and IDMS 

Systems Programmers 

• Applications development and mainte¬ 
nance, installation of systems products 

• Hands-on experience with large main¬ 
frame and system internals plus 
MVS/XA, CICS, VTAM, VM, SMP/E, 
ACF2, TMS, JES2, ASM2, VMP/HPO 

Relational Database Specialists 

• Transform user requirements into rela¬ 
tional models 

• Hands-on experience with DB2, 
IDMS/ADSO, Adabas/Natural, M204, 
Oracle, Ingres, and Sybase. 

U.S. citizenship and military or civil¬ 
ian experience in a sensitive classi¬ 
fied environment are preferred for 
most positions. 

The vision to make new ideas happen is 
a hallmark of M&DSO. Now make it the 
mark of your career. If you are interest¬ 
ed in Valley Forge, please send your 
resume to: GE Aerospace Military & 
Data Systems Operations, Dept. BK02, 
P.O. Box 8048, Philadelphia, PA 19101. 
Washington candidates should send 
resumes to: Dept. BK02, 8080 Grainger 
Court, Springfield, VA 22153. An equal 
opportunity employer. 



GE Aerospace 

Military & Data Systems Operations 
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ARGONNE 

NATIONAL LABORATORY 

Argonne National Laboratory (ANL) is currently seeking several profes¬ 
sionals for its 7-GeV Advanced Photon Source (APS) Project. The APS Pro¬ 
ject will be a national user facility producing extremely brilliant x-rays for 
applications in a broad range of scientific disciplines. 

ELECTRONICS ENGINEER 

A Master’s or Ph.D. in E.E. or Physics and 1-5 years experience with low- 
level microwave design techniques or particle beam applications are 
necessary. (Box# 37995) 

RF ENGINEER 

APh.D. inE.E.,5 years experience and considerable knowledge of electro¬ 
magnetic theory and high frequency RF design and analysis techniques 
are required. (Box# 82984) 

ELECTRICAL ENGINEER 

A B.S.E.E. and 5-10 years experience with RF circuitry and techniques are 
necessary. (Box# 36626) 

ASSISTANT ELECTRICAL ENGINEER 

An advanced degree in E.E. and at least 4 years work experience are im¬ 
perative. Knowledge and experience with the design and operation of pulsed 
and steady-state high current power supply systems is important. (Box# 
82717) 

MECHANICAL ENGINEER 

A B.S. or M.S. in M.E. and approximately 10 years experience in vacuum 
technology and the fabrication and machining of materials. (Box# 36620) 

OPTO-MECHANICAL DESIGN ENGINEER 

M.S./Ph.D. or equivalent plus 5-10 years experience and considerable 
knowledge and experience in opto-mechanical design are required. (Box# 
82976) 

SURVEY ENGINEER 

Leads APS Survey and Alignment Team. Develops field procedures to posi¬ 
tion accelerator and storage ring components at proper location and orienta¬ 
tion to a high degree of accuracy. (Box# 82723) 

ASSISTANT PHYSICISTS 

Requires a Ph.D. in Physics and 1-5 years experience with various 
accelerator systems. (Box# 81203) 

The second position requires a Ph.D. and a background in radiofrequency 
systems including sources, waveguides and cavities. (Box# 82894) 
Each of these positions commands an excellent salary and benefits 
package. Confidential consideration can be obtained by sending your 
resume, indicating position of interest, to: Walter D. McFall, Box J-APS- 
(Box#)-33, Employment and Placement, ARGONNE NATIONAL 
LABORATORY, 9700 South Cass Avenue, Argonne, IL 60439. Argonne 
is an equai opportunity/affirmative action employer. 

(Use your PC to learn more about ANL and other available opportunities. 
Dial (508) 263-3857 and key in the password ARGON.) 



Washington State University 
DiSTiNGUiSHED PROFESSOR 
iN ANALOG ELECTRONiCS 

The electronics program has tradition¬ 
ally been an important one in the Col¬ 
lege of Engineering at Washington State 
University, receiving the support and 
respect of many leading industries. Re¬ 
cently a group of five such industries— 
Tektronix, Eldec, John Fluke Co., Data 
I/O, and Hewlett-Packard have cooper¬ 
ated with the state of Washington to cre¬ 
ate an endowment for a Distinguished 
Professorship in Analog Electronics. We 
are seeking applications and nomina¬ 
tions for the position. 

The distinguished professor will be an 
active participant in the established NSF 
Industry/University Cooperative 
Research Center for Design of Analog- 
Digital Integrated Circuits. This center 
is sponsored by the NSF and also has 
significant industrial support. This po¬ 
sition will actively interface with the 
center’s personnel and its research 
programs. 

The person fill this position must have: 

• An appropriate doctoral degree or 
equivalent qualifications. 

• Evidence of research in analog elec¬ 
tronics and the capability to assume 
a role of leadship 

• Ability to effectively teach under¬ 
graduate and graduate courses. 

• Proven ability to work cooperatively 
with academia, the electronics in¬ 
dustry, and government agencies. 

Washington State University is a land- 
grant university located in the beautiful 
rural area of eastern Washington state 
offering outstanding quality of life. The 
ECE Department offers programs lead¬ 
ing to the B.S., M.S., and Ph.D. degrees 
with areas of strength which includes 
analog and digital electronics, VLSI and 
computer engineering. Approximately 
100 B.S. degrees per year are awarded 
and the department has an enrollment 
of approximately 80 full-time graduate 
students. 

Letters of nomination and/or applica¬ 
tions should be sent to: 

Dr. Yacov Shamash, Chairman 
Electrical and Computer 
Engineering Department 
Washington State University 
Pullman, WA 99164-2752 
Applications should include a complete 
professional vita and list of references. 
Additional information is available to in- 
terersted applicants. Screening of ap¬ 
plicants will begin December 15,1990. 
Position effective August 16, 1991. 
Washington State University is an equal 
opportunity, affirmative action employ¬ 
er and educator. Protected group mem¬ 
bers are welcome to apply. 
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Researchers 

Signal Electronics 

We at GE know that you're already in 
a great profession. But have you 
checked your quality of life lately? 

A great Place to live ... and to Work 

Consider a move to New Vbrk’s Capital District: 
affordable housing, exceptional public schools, 20- 
minute or less commute, clean air, four seasons, 
culture, higher education (seven colleges offer 
degrees at the bachelor's level and three institutions 
that award doctoral degrees), professional sports, less 
than an hour's drive to the largest wilderness region 
east of the Mississippi, central location to New York, 
Boston and Montreal. And that's just for starters. 
'Vbu'U join the staff the Signals and Systems 
Laboratory of the GE Research and Development 
Center in Niskayuna, NY With a thousand scientists, 
engineers, and technicians (including 475 PhDs), the 
R&D Center is second to none in making innovations 
and moving them to the marketplace. 


Help Lead the Way 

If you have a PhD in Electrical Engineering or 
Physics, or have equivalent experience/education 
and demonstrated research skills, we have opportuni¬ 
ties in: 

Advanced Analog Design. Develop mixed 
analog/digital microelectronics for high 
resolution data acquisition/signal conditioning, 
and new sensor technology. 

Digital Communication Networks and 
Systems. Design and analyze real time digital 
networks and digital Land Mobile Radio 
systems. Networks research emphasizes proto¬ 
cols and structures; LMR research emphasizes 
modulation and coding as well as detection and 
new system concepts. 

Optical Processing. Develop new optical 
system concepts for real-time holography, 
sensors, spectrometers and multiplexed control 
systems. 


Opportunity is Knocking 

If you're ready for a new challenge in an exceptional 
environment, send your resume to C.T. Parent, Ref. 
105-V, GE Research and Development Center, P.O. 
Box 8, Schenectady, NY 12301. 


GE Corporate 

Research & Development 


An Equal Opportunity Employer 




DEAN 

School of Engineering and implied Science 

Applications and nominations are invited for the 
position of Dean, School of Engineering and Applied 
Science. 

The Dean is the chief executive ofiBcer of the School 
and is expected to provide vision and leadership in 
advancing the interests of the school. The new Dean 
will be a person who can fiarge strong cooperative work¬ 
ing relationships with feculty and university administra¬ 
tors, and will fecilitate the generation of, and support 
of, programs with key government and business entities. 

Candidate should possess the following qualifications: 

• An earned doctorate in engineering or science- 
related field 

• A distinguished record as a scholar showing 
commitment to teaching and research 

• Demonstrated administrative ability 

• Effective interpersonal and communications skills 

• Demonstrated ability in obtaining sponsored 
research support from government and industry 

• Ability and interest in fund-raising activities 

• Activity in scholarly and professional organizations 

• Commitment to continuing and cooperative 
education 

The School of Engineering and Applied Science is 
one of eight schools within The George Washington 
University, located in the Foggy Bottom section of 
Washington, D.C., close to the White House, Kennedy 
Center and other prominent national monuments. It 
consists of the Departments of Civil, Mechanical, and 
Environmental Engineering; Electrical Engineering and 
Computer Science; Engineering Management; and Op¬ 
erations Research. Within the purview of these depart¬ 
ments, several off-campus graduate teaching and research 
programs are offered. The School will be a major 
component of the university’s new Northern Virginia 
research/education center. 

Application materials should include a cover letter 
summarizing outstanding qualifications for the posi¬ 
tion and a current resume. Review of applications and 
nominations will commence immediately and con¬ 
tinue until the position is filled. The intended starting 
date for the position is July 1,1991. Salary and benefits 
are competitive. Send materials to: 

Engineering Dean Search Committee 
Attention: Ms. Cleo Graves 
Room 801, Rice Hall 
The George Washington University 
Washington, DC 20052 



128G 
















JPL/NASA VISITING 
SENIOR SCIENTIST 
PROGRAM 

EARTH SCIENCE AND 
APPLICATIONS DIVISION 
Information Management 

The Jet Propulsion Laboratory is 
seeking a senior scientist to provide 
staff expertise in information systems 
with emphasis on techniques, ap¬ 
proaches, and standards relating to 
distributed iidormation manage¬ 
ment, to provide advice to the Earth 
Science and Ap>plications Division on 
matters regarding technological and 
funding aspects of NASA's interdis¬ 
ciplinary approach to information 
and data management. Experience 
gained, techniques develop)ed, stan- 
dtirds tested and adopted in the 
course of this effort will be incorpo¬ 
rated into versions of EOSDIS to be 
provided by the EOSDIS Core Sys¬ 
tem contractor. Duties include devel¬ 
opment and execution of program 
level plans for EOSDIS information 
management, technical guidance, 
advice, and coordination of activities 
with rdevant NASA centers, univer¬ 
sity, emd international groups, and 
EOSDIS program managers and sci¬ 
ence program managers within 
NASA headquarters. Requires a 
Ph.D. or equivalent experience and 
training in ccanputer science and 
information systems, and a mini¬ 
mum of two years experience be¬ 
yond the Ph.D. in research and/or 
teaching information systems ap¬ 
proaches and techniques. Good writ¬ 
ten, oral, and presentation commimi- 
cation skills are essential, as is the 
ability to manage research and devel¬ 
opment tasks. 

Tenured faculty members are the 
preferred choice, although qualified 
individuals from non-profit research 
institutions may also be considered. 
This position is open for immediate 
filling. Normal assignment in the 
Visiting Senior Scientist Program 
does not exceed two years. Appoin¬ 
tees must be U.S. citizens or perma¬ 
nent residents and are expected to 
return to their home institution fol¬ 
lowing the NASA assignment. 

Please provide a curriculum vitae, 
bibliography, and the names of four 
references to: Dr. Harry Ashkenas 
183-900, Jet Propulsion Laboratory, 
4800 Oak Grove Drive, Pasadena, 
CaUfomia 91109, (818) 354-8251. 

Equal Opportunity Employer. 


JPL 

Jet Propulsion Laboratory 
California Institute of Technology 


Changing Expectations of Engineers and Scientists 


PREPARING 
FOR 
PEACE 

A New SPECTRUM 
Special Compendium 

(TH0289-9) 

Members $7.50 List $15.00 

(plus postage & handling) 

As a new decade dawns, the 
Cold War assumptions that 
boosted United States military 
expenditures to a peace-time 
peak exceeding $300 billion 
in the mid-1980s are rapidly 
becoming memories. 

Narrowing political differ¬ 
ences between East and 
West and continuing 
progress in arms limi- 
tations have already 
prompted reductions in 
military funding, causing top 
decision-makers to redraw their 
R&D plans around a smaller military 
establishment. Not since the 1940s and 1950s 
has the United States undergone such a rapid demobi¬ 
lization of its military and support industries. 

With one in three EEs in the United States directly or indi¬ 
rectly affected by the military—and 10 percent or more of 
the total national manufacturing output devoted to mili¬ 
tary uses—the potential impact of this cutback on the 
industry is formidable. 

This special report, "Preparing for Peace," excerpted from 
the November 1989 issue of SPECTRUM focuses on ways the 
industry is coping with this emphasis on peace and shows 
how some companies are attempting to reallocate their 
resources—and the skills of their scientists and engineers. 
Highlighted are the economic factors concerning science 
and research that must be faced, the technologies and areas 
likely to attract increased attention, and the military and 
international implications of the retrenchment. 

"Preparing for Peace" is the latest in SPECTRUM'S ongoing 
compendium series assessing today's advances and tomor¬ 
row's emerging technologies. 

To order your copy, simply phone 

1-800-678-IEEE 
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Air 

Force 


Office of 

Scientific 

Research 



Southeastern 


Center For 
Electrical 


Engineering 

Education 


U.S. AIR FORCE LABORATORY GRADUATE 
FELLOWSHIP PROGRAM 


FELLOWSHIPS FOR GRADUATE STUDIES LEADING TO DOCTORAL DEGREES IN 
SELECTED SCIENCE AND ENGINEERING DISCIPLINES 


APPLICATION DEADLINE: January 16, 1991 
APPOINTMENTS BY: March 31,1991 


INTRODUCTION: The Air Force Office of Scientific Research (AFOSR) has established a fellowship program for 
graduate studies at U.S. institutions offering the Ph. D. in appropriate fields. Twenty-five fellowships will be awarded 
each year. 

ELIGIBILITY: Applicants must be U.S. citizens with bachelor's degree by September 1991. Applicants will be 
evaluated without regard to age, sex, race, religion, or national origin. 

TERMS: Stipends of $15,000, $16,000, and $17,000 will be paid for the first, second, and third years of the 
program respectively. AFOSR will provide full tuition and required fees and $2,000 to the Fellow's department. 
Fellows will be responsible to and paid by the academic institution. The sponsor favors the use of these funds to 
support the student's research. 

TENURE: The normal Laboratory Fellowship schedule is for 36 months during 3 consecutive years. Under 
exceptional circumstances, the fellowship may be scheduled for 36 months within 5 consecutive years, upon 
approval by sponsor. 

Laboratory Graduate Fellowships awarded under this program will be for study in the following disciplines: 


Aeronautical and Astronautical Engineering 

Behavioral Sciences 

Biomedical Engineering 

Chemistry and Chemical Engineering 

Computer Science and Computer Modeling 

Electrical Engineering 

Geophysics and Meteorology 

Industrial and Civil Engineering 

Life Sciences, Biology and Biophysics 

Materials Science, Ceramic Engineering, and Metallurgy 

Mathematics 

Mechanical Engineering 

Physics 


For information and applications contact: 
SCEEE - Fellowship Program 
1101 Massachusetts Avenue 
St. Cloud, FL 34769 
Phone: (407) 892-6146 
FAX: (407) 957-4535 


Information and application materials 
provided will cover all Department of 
Defense Graduate Fellowship Programs. 
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> The University of Sydney 

AUSTRALIA 

SENIOR LECTURER 

Electrical Engineering 

Foundation 

Reference 37/02 

The Electrical Engineering Foundation 
has established a project on “Con¬ 
tinuing Engineering Education for 
Electrical Technology.” This is sup¬ 
ported by the major electrcial indus¬ 
tries and sponsored substantially by 
the NSW State Education and Train¬ 
ing Foundation. The aim is to deveiop 
a continuing education program for 
professionai engineers covering the 
key areas in eiectrciai engineering. 

The appointment is for one year in the 
first instant with the possibility of ap¬ 
pointment for up to three years if 
funds are available. The appointee wili 
have the day to day responsibiiity for 
the planning and presentation of 
courses and continuing education ac¬ 
tivities like short courses and semi¬ 
nars in support of the overaii program 
under the generai guidance of the pro¬ 
gram manager. 

A degree of higher degree in Electri- 
cai Engineering is required preferabiy 
with some teaching and practical ex¬ 
perience. Skills in presentation and 
organization are essential. Further in¬ 
formation can be obtained from 
Professor HK Messerle 612 692 2565. 

Salary: $A43,984-$A51,015 per an¬ 
num according to quaiifications and 
it may aiso be supplemented by a 
market loading. 

Closing: 8 November 1990. 

Method of application: Applications 
quoting Reference No., and including 
curriculum vitae, iist of pubiications 
and the names, addresses and fax 
nos., of three referees (only three 
referees will be contacted in the first 
instance and if more referees are 
nominatd they should be ranked in 
order of preference) to the Registrar, 
Staff Office, University of Sydney, 
NSW 2006 Australia by the above 
date. 

Equal employment opportunity and no smoking 

in the workplace are University policy. 



CEarlks A. Bmswcmqer 

P.O.Box 5325 
Baltimore, Maryland 21209 
301/664-5500 » FAX: 301/542-4618 


ENGINEERS/ 
DATA PROCESSING 

• MFG • ELECTRICAL* ELECTRONIC • IF • ME 
S25.000-S65.000 

Sunbelt/Nationwide—Fee Paid 
Over 200 positions in Leading Edge technologies 
Tap our National Network—Contact Benn Colli 

COLLI ASSOCIATES 
OF TAMPA INC. 

P.O. Box 2865, Tampa, FL 33601 
(813) 681-2145 


• UNIX *0*0++ 

• RealTime • Robotics • Ada 

Immediate, desirable Mid-Atlantic. Pennsylvania, 
Upstate New York & New England opportunities 
Engineering placement specialists since 1946. In 
confidence, send resume or call James Corby. Pres, 

The Resource Group, Inc. 


jiroup, Inc 

Box 110 Westview Station, 
Binghamton, NY 13905 
607-723-5377 



ELECTRICAL 

ENGINEERING 

MANAGER 

KMS Fusion, Inc., a growing advanced 
technology company, seeks a career- 
minded professional who desires chal¬ 
lenging work in a dynamic environment. 
You will report to the Director of Engi¬ 
neering and be responsible for the gen¬ 
eral management of the EE Group, 
projectestimation and management, and 
writing R&D and product proposals for 
new business. 

BSEE, 2 years experience in line or 
project management, 5 years in instru¬ 
mentation design, a broad physical sci¬ 
ence background, and analog/digital and 
microprocessor-based design experi¬ 
ence required. NASA/military program 
and CAE experience preferred. 

We offer a competitive compensation 
package. Send your resume and salary 
history to: KMS Fusion, Inc., code 90- 
026-IEEE, 700 KMS Place, P.O. Box 
1567, Ann Arbor, MI48106. 

Equal Opportunity Employer 


Knowledge 

Engineering 

Services 

Group 

ARTIFICIAL INTELLIGENCE 
APPLICATION SPECIALIST 

As part of Motorola’s Cor¬ 
porate R&D Laboratory 
based in the Chicago area, 
we are looking for an in¬ 
dividual with a M.S. or Ph.D. 
in Computer Science and 
with a minimum of 5 years 
hands-on experience of ap- 
piying Artificiai inteliigence 
techniques in soiving reai- 
worid probiems. 

The ideai candidate shouid 
aiso have working knowi- 
edge of emerging software 
technoiogies including 
Knowledge-Based Software 
Assistant (KBSA), Comput¬ 
er-Aided Software Engineer¬ 
ing (CASE), Object-Oriented 
Design and Programming, 
Software Reverse Engineer¬ 
ing and Reengineering. 

Your major responsibility is 
to transfer Al technology to 
software design organiza¬ 
tions in Motorola’s product 
groups. 

Please send your resume 
and salary history in strict 
confidence to: 

Roberta Kromolicki 
3701 Algonquin Road 
Suite 601 

Rolling Meadows, IL 
60008 


MOTOROLA INC. 
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ELECTRO-OPTICAL 

mSTRUMENTATION 


For more than 60 years, Sverdrup Cor¬ 
poration has been recognized for its 
reputation of providing only the highest 
quality Engineering and Professional 
services. Sverdrup Technology, a sub¬ 
sidiary of Sverdrup Corporation, 
enhances this long-standing reputation 
by providing a complete range of pro¬ 
fessional and technical disciplines to 
support research, development and 
testing of our nation’s critical defense 
and space programs. 

Our TEAS Group (Technical and 
Engineering Acquisition Support) pro¬ 
vides the Air Force Munition Systems 
Division at Eglin Air Force Base with 
highly specialized support for its 
weapons acquisition process, from con¬ 
cept exploration through production 
and deployment. 


Sverdrup 

SVERDRUP TECHNOLOGY, INC. 


We are seeking Electro-Optical 
Instrumentation Engineers to design, 
analyze and test high speed and resolu¬ 
tion imaging devices/systems; docu¬ 
ment results in technical reports; and 
work directly with government and 
other contractors as part of an inte¬ 
grated program effort. 

Requirements include a BS/MS or PhD 
(EE, Physics, Optical Sciences or 
Applied Optics) with a minimum of 3-4 
years experience encompassing elec¬ 
tronic imaging devices/systems, CCD’s, 
electro-optics, imaging, optical sensors, 
focal plane arrays and photon 
detectors. 

Qualified applicants are invited to send 
a complete resume in strict confidence 
to; Sverdrup Technology, Inc., Human 
Resources Manager, TEAS Group, 
BT049, P.O. Box 1935, Avenue D and 
Fourth Street, Building 260, Eglin AFB, 
FL 32542-5000 

Equal Opportunity Employer. U.S. 
Citizenship Required. Principals Only, 
Please. 



! 


The nuclear plants operated by Entergy Operations (Arkansas Nuclear One, Vl'aterford/,'1 and 
Grand Gulf Nuclear Station) are recognized throughout the industry for their superior perform¬ 
ance. The following positions are currently available at Arkansas Nuclear One in Russellville, 

AR and Waterford/,^ near New Orleans, LA: 

DESIGN ENGINEERS 

BS in Electrical Engineering with at least i years design experience in preparing design change 
packages, developing standards and drawings and generating design specifications. 

MAINTENANCE ENGINEERS 

BS in Electrical Engineering with at least i years related experience. 


EEO/AA/M/F/H/V, 


Entergy 

Operations 


WASHINGTON STATE UNIVERSITY 

The Department of Electrical and Computer En¬ 
gineering at Washington State University invites 
nominations and applications for the Boeing En¬ 
dowed Chair in Computer Engineering, effec¬ 
tive August 16, 1991. 

Washington State University seeks an in¬ 
dividual who has made significant contributions 
to the field of Computer Engineering to fill the 
chair endowed by the Boeing Company. The 
preferred candidate would be one whose 
primary interests are in computer systems de¬ 
sign (e.g., networking, neural networks, high 
integrity systems, real time systems, computer 
architecture, CAD). Nominations of candidates 
from both industry and academia are welcome. 
A significant record of research funding and 
publications is expected. 

The Department actively participates in a 
number of research projects that are funded 
by the Washington Technology Center (WTC). 
The WTC was established by the State of 
Washington in 1983 to help promote research 
programs in the State’s research universities 
that will be of benefit to the industrial sector 
in the State of Washington. The biennial budget 
for the Center currently exceeds $20 million. 
The individual chosen, will be expected to play 
a leading role in the WTC Computer Systems 
and Software Technology program which cur¬ 
rently has a budget of over $2.7 million for the 
biennium. 

Recently, the Department has established an 
NSF Industry/University Cooperative Research 
Center for Design of Analog-Digital Integrated 
Circuits. This Center is currently sponsored by 
the NSF, WTC and 14 industrial companies. De¬ 
pending on the area of specialty it is hoped that 
the Boeing Chair in Computer Engineering will 
actively interface with the Center personnel and 
its research programs. 

Candidates for this position must be capa¬ 
ble of providing leadership for the continued 
expansion of fhe Computer Engineering pro¬ 
gram within the Department. As a tenured and 
distinguished Professor, the individual filling 
the position will be expected to teach, conduct 
funded research, and direct Ph.D. and M.S. 
student research programs. An earned doc¬ 
torate in engineering or a related discipline is 
required. 

The Department of Electrical and Computer 
Engineering has full breadth undergraduate and 
graduate programs, offering the B.S., M.S. and 
Ph.D. degrees. Major research and academic 
programs exist in computer engineering, com¬ 
puter science, systems and controls, electronics 
and solid state, power, and electromagnetics. 
The Department recently moved into a new 
building with expanded research and academic 
facilities. There are 310 certified (junior and 
senior) undergraduate majors and 130 gradu¬ 
ate (M.S. and Ph.D.) students in residence on 
the Pullman campus. Additionally, the depart¬ 
ment has resident undergraduate and gradu¬ 
ate programs with 110 students in Richland, 
Washington. Collaborative research exists be¬ 
tween the computer engineering faculty and 
mechanical engineering faculty in the area of 
manufacturing and robotics. Research and col¬ 
laborative ties exist also with faculty at the 
University of Washington, the University of Ida¬ 
ho, and Oregon State University. Close work¬ 
ing relationships exist between the university 
and the electronics industry of the Northwest. 

Letter of application, vita, and the names and 
addresses of at least three references should 
be addressed to: 

Dr. Yacov Shamash, Chairman 
Electrioal and Computer 
Engineering Department 
Washington State University 
Pullman, WA 99164-2752 
Tel: (509) 335-8148 Fax: (509) 335-3818 
Washington State University is an Equal 
Opportunity/Affirmative Action educator and 
employer. Protected group members are 
encouraged to apply. 
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Assistant/Associate 
Professors (2) 

Underwater Vehicle Technology: Candidates 
should have a working knowledge, based on 
experience and/or advanced education (typically 
including a doctorate), that prepares them for 
teaching and research in one or more of the following 
areas: (1) vehicle propulsion and control; (2) tether 
dynamics; (3) new hull-design concepts for extreme 
ambient pressure; (4) materials and fabrication 
techniques for deep-ocean vehicles; (5) layered- 
control and other relevant Al systems; (6) underwater 
sensors and communications. While any of these 
areas could be appropriate specialties in support of 
the Department’s programs, candidates should also 
be knowledgeable about system-design issues relating 
to unmanned underwater vehicles. The Department 
collaborates with the MIT Sea Grant Program and 
with other organizations in the development of 
working vehicles as well as on fundamental concepts 
and subsystems. Teaching responsibilities will include 
undergraduate and graduate education in deep-sea 
technologies and supervision of student research in 
a broad range of ocean engineering, including 
underwater systems dynamics, ocean sensing and 
information systems, and ocean acoustics. 

Ocean Acoustics: Candidates should have a working 
knowledge, based on experience and/or advanced 
education (typically including a doctorate), that 
prepares them for teaching and research in one or 
more of the following specialties: (1) propagation of 
sound in the ocean; (2) acoustic scattering processes 
in the ocean; (3) ambient noise mechanisms; (4) 
oceanography; (5) communication, information, and 
sensing systems; (6) marine geology or geophysics. 
The Department’s programs in this area include 
theory, computer modeling, and experiments (both 
laboratory and at sea). Candidates may have 
experience and interests that focus on any of these 
approaches, but they must be willing and able to 
work in a group that encompasses all of them, since 
the Department participates in major ocean acoustics 
programs (often with the Woods Hole Oceanographic 
Institution and other organizations). Teaching 
responsibilities will include graduate education in 
acoustics and supervision of student research in a 
broad range of ocean engineering, including under¬ 
water systems dynamics, ocean sensing and 
information systems, and deep-sea engineering. 
Interested candidates should submit a cover letter 
and resume to: T. Francis Ogilvie, Massachusetts 
Institute of Technology, 77 Massachusetts 
Avenue, (S-228) Cambridge, MA 02139. 


MIT is an Equal Opportu 


jn Employer 


Massachusetts 
Institute of Technology 


HEAD 

DEPARTMENT OF ELECTRICAL ENGINEERING 
TEXAS A&M UNIVERSITY 

Texas A&M University invites nominations and applications for the 
position of Head of the Department of Electrical Engineering. The 
Department has experienced continuous and significant growth for 
more than a decade, and currently has 52 tenure track faculty and 
8 lecturers, 300 graduate students and 700 undergraduate students 
(Sophomore through Senior). The department has a research bud¬ 
get of $3.5M with current emphasis on communication and control 
systems, circuit theory, computer engineering, electromagnetics, 
electro-optics, electronic materials, microelectronics, microwaves, pow¬ 
er systems, signal processing, solid state electronics and VLSI. 

The Department Head will be expected to provide leadership for 
the growth and development of the Department and for encouraging 
the development of teaching, research and public service. The Head 
is responsible directly to the Dean of the College of Engineering and 
holds the rank of Professor of Electrical Engineering with tenure. Can¬ 
didates should hold an earned doctorate in engineering, have an es¬ 
tablished reputation as a scholar and educator, and possess strong 
proven leadership ability with demonstrated administrative skills. Let¬ 
ters of application should include a current resume and names and 
telephone numbers of five references. Applications will be accepted 
until the position is filled. Screening will begin in January 1991 with 
an anticipated starting date of September 1991. Nominations or ap¬ 
plications should be sent to: 

Dr. Walter Haisler 

Chairman, Department Head Search Committee 
Department of Aerospace Engineering 
Texas A&M University 
College Station, TX 77843-3141 

Texas A&M University is an Equal Opportunity/Affirmative Action 
Employer. 


JOB SHOP 
OPENINGS 

Nationwide 

Opportunities 

3 + Years Experience Preferred 


CIRCUIT DESIGN 

• Power Supply • RF 

• VLSI • Microprocessor 

• Analog •Video 

INDUSTRIAL 

• Power • PLC 

• Project Management 

TEST 


HEPCO, INC. 

3 ADP Boulevard 
Roseland, NJ 07068 

I CALL (201) 992-866Q 
FAX (201) 992-2117 


m 
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Accident and illness can happen to anyone. 
But if you’re covered by the Association’s Disability 
Insurance, you always land on your feet financially. 
The plan ensures that you’ll receive a good portion 
of your income, should you become disabled. 

Our group purchasing power helped us to 
negotiate top-quality insurance, at a quite reason¬ 
able cost. In addition, we designed this coverage 
specifically for your needs. 


To find out more about this benefit, call 
1-800-424-9883 (in Washington, D.C. call 
457-6820). 

IEEE INSURANa 

Designed by Engineers. 
ForEn^neers. 
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Call for Papers 


MILCOM '91 is soliciting both unclassified and classified papers (up to the level of Secret that have 
received foreign disclosure approval) on military communications for presentation at the MILCOM 
'91 conference and for publication in the conference Proceedings. Papers concerned with the confer¬ 
ence theme of "Military Communications in a Changing World", as applied to systems, subsystems, 
technology, or operations are especially sought, but all papers related to Military Communications 
are welcome at this conferenee. Subject matter may include theoretical analysis, simulation, design, 
or measurements. Note that all U.S.-authored classified papers presented at MILCOM '91 must be 
preapproved for public release by the DOD cognizant release authority. 


Author's Schedule: 

Notice of intent and abstract due , 

Draft paper due. 

Final author notification. 

Camera-ready copy due. 

Send all Abstracts, Intent Notices, 
and Unclassified submissions to: 

Dr. Albert E. Babbitt 
Technical Piogiam Chair 
TRW Federal Systems Group 
12450 Fair Lakes Circle 
Fairfax, VA 22033 


. November 15, 1990 
Mareh 15, 1991 
May 1, 1991 
July 1, 1991 

Send U.S.-Authored Classified 
submissions to: 

Dr. Robert E. Lawrence 
Technical Program Co-Chair 
The MITRE Corporation, MS Z509 
7525 Colshire Drive 
McLean, VA 22102-3481 


Send Foreign Authored 
Classified submissions to: 

Dennis E. Litchfield 

Office of the Assistant Secretary 

of Defense (C^I) 

The Pentagon, Room 3D 228 
Washington, D.C. 30301-3040 


Please submit a one-page unclassified abstract and five copies of the draft manuscript per 
the above schedule. With the abstract, include author names, affiliations, addresses, and phone 
numbers, and indieate which author is to be the point of contact for conference correspondence 
and whether the paper is to be presented in the classified or unclassified program. For additional 
information, contact Dr. Albert E. Babbitt, (703) 968-2000, Dr. Robert E. Lawrence (703) 883-7348 
or Dennis E. Litchfield (202) 697-4541. 

Sponsored by Institute of Electrical and Electronics Engineers Inc., 

IEEE Communications Society, and Armed Forces Communications and Electronics Association. 
Security for the classified sessions is sponsored by the Department of Defense. 


MSIDOOM 

















EE s’ TOOLS & TOYS 


Computer art 
in Boston 

Few realize how serious an undertaking 
computer art has become. Yet more than 
2000 entries from 500 artists representing 
20 countries were considered for the 1990 
Siggraph Traveling Art Show by an interna¬ 
tional panel of artists and curators. Titled 
“Digital Image/Digital Photography,” the 
collection went on view Oct. 23 at The 
Computer Museum in Boston. 



The 30 pieces selected reveal “aesthet¬ 
ic quality and a significant use of the com¬ 
puter” in the creation of the artwork or its 
presentation, or in the interaction between 
the piece and the viewer, explained art 
show chair Thomas E. Linehan, director of 
the Visualization Laboratory in the College 
of Architecture at Texas A&M University, 
College Station. 

The two- and three-dimensional works 
include prints, paintings, plotter-drawings, 
glass sculpture, animations, and phscolo- 
grams (pronounced skol’o-grams), or three- 
dimensionai photographs simiiartoholo¬ 
grams except for being in full color. 

One of the phscolograms, shown above, 
is of a papilloma virus superimposed on 
a mammogram, with a cancer visible in the 
lower right. To create such an object, the 
artist starts with multiple views of a scene, 
each of which is cut into vertical columns. 
The columns are then interleaved and posi¬ 
tioned behind a barrier strip, or iine screen. 
Lines in the screen are spaced so that 
each eye sees a different view, which the 
brain fuses into one 3-D image. Moving the 
head left or right obviously changes the 
picture. 

Scenes may be real or simulated— 
either real objects are captured on photo¬ 
graphic film or videotape and then 
scanned into a computer, or artificial 
worlds are created using computer graph¬ 
ics. Computer processing yields a 
photograph-like image in digital form. 

in the phscologram of the papilloma 
virus, the image has been printed as a full- 
color transparency on one side of a 50-by- 
60-by-7.5-centimeter piece of plexiglass; 
the barrier strip is mounted on the other 
side. The finished work is viewed in a iight 
box. 


IEEE SPECTRUM NOVEMBER 1990 


The show at The Computer Museum in 
Boston runs through Feb. 1,1991. It is ac- 
tuaily a seiection chosen from pieces dis¬ 
played at the 10th Annual Siggraph Art 
Show, held in August during the 17th An¬ 
nual Conference on Computer Graphics 
and Interactive Techniques in Dallas. 


SUPERCONDUCTORS 


See for yourself 

High-temperature superconducting films 
of yttrium-barium-copper oxide (YBCO) are' 
avaiiabie on a variety of substrates from 
Colorado Superconductor Inc. The three- 
year-old company specializes in supplying 
materiais that demonstrate superconduc¬ 
tive phenomena at temperatures above 
that of liquid nitrogen. 

A standard 5-by-10-miliimeter YBCO film 
with a superconducting temperature (Tc) 
of 92 K) is US $200. Larger films up to 40 
by 40 mm in area are also available. Thick¬ 
nesses range from 10 to 100 micrometers. 

According to the company, the films 
show excellent transition characteristics, 
Meissner effect, and infrared and magnet¬ 
ic fieid response. Stoichiometric, morpho¬ 
logical, and electrical characteristics are 
available on request. So are still thicker 
fiims for thick-film circuit applications. 

Other products include a US $175 super¬ 
conducting battery kit built around a 
YBCO toroid that mimics the U. S. Navy’s 
magnetic energy storage device, and solid 
shapes of YBCO and bismuth-lead- 
strontium-calcium-copper oxide (with a Tc 
around 100 K). All products are described 
in a brochure. Contact: Colorado Super¬ 
conductor Inc., Department RIO, Box 8223, 
Fort Collins, Colo. 80526; 303-490-2787; fax, 
303-490-1301; or circle 62. 


Desktop laser optics 

Four programs meant for optical resona¬ 
tor design and laser beam propagation cal¬ 
culations work on Macintosh desktops. 
From Stanford University in California, the 
package takes advantage of the Macin¬ 
tosh graphic interface along with op¬ 
timized algorithms, such as the complex 
ray-matrix approach for paraxial systems, 
fast Fourier and fast Hankel transforms for 
optical beam propagation, and the virtual 
source approach for unstable resonators. 

Calculations that previously required 
batch runs on mainframe computers can 
be carried out at the desk. In most cases, 
the programs follow theoretical ap¬ 
proaches outlined in the text Lasers 
(University Science Books, 1986) by Profes¬ 
sor A. E. Siegman of Stanford. 

The ABCD program, for example, allows 
an optical system to be built as a succes¬ 
sion of optical elements (lenses, mirrors, 
Brewster plates, and so on). The system 
can be edited on the Macintosh in the 
same way as text is edited by using the 
CUT, COPY, PASTE, CLEAR, and UNDO Com¬ 


mands. Focai length, thickness, and other 
parameters for each element may be edit¬ 
ed at any time or made variable. Each ele¬ 
ment may also be made misaligned or 
astigmatic. 

Of the other programs, Fresnel propa¬ 
gates an arbitrary wavefront successive¬ 
ly through such elements as a hard-edged 
aperture, an arbitrary mask, and an arbi¬ 
trary paraxial system. VSource uses a vir¬ 
tual source to calculate higher-and lowest- 
ordereigenmodes of hard-edged unstable 
resonators, and VRM implements analyt¬ 
ical formulas for designing gaussian 
variable-reflectivity-mirror resonators. 

The Paraxia package, as it’s called, 
comes on an 800K-byte Macintosh floppy 
disk. A single-user academic version is US 
$150, an industrial version is US $500, and 
an industrial site license is US$2500. Con¬ 
tact: Software Distribution Center, Stan¬ 
ford University, Stanford, Calif. 94305-6225; 
or circle 60. 


. . INSTRUMENTATION 


Smartness in harness 

An intelligent power 1C from Texas Instru¬ 
ments Inc. reduces both the component 
count and the complexity of wiring har¬ 
nesses in instrumentation systems. The 8- 
bit serial-in, parallel-out TPIC2801 driver 
has eight l-ampere, 30-voit outputs that it 
can monitor simultaneously. It can iden¬ 
tify faults, disable affected channels, and 
report the status of each output to a 
microprocessor via a single output. Other 
multi-output switches have but a single 
reporting flag, which does not locate the 
failure, according to the company. 

The 1C accepts inputs directly from a 
microprocessor or low-level logic, and can 
directly switch lamps, relays, printheads, 
smaii soienoids, and other medium- 
current or high-voltage loads. Also in¬ 
tegrated on the chip is the self-protection 
circuitry required for active energy snub¬ 
bing associated with inductive loads. 

Fabricated in Tl’s BIDFET technology, 
which incorporates bipolar double- 
diffused and MOS field-effect transistors, 
the TPIC2801 operates from -40 °C to 
-f105 °C and comes in a 15-pin single- 
iniine package. Suggested resale price is 
US $3.20 each in quantities of 1000. Con¬ 
tact; Texas Instruments Inc., Semiconduc¬ 
tor Group, Box 809066, Dallas, Texas 75380- 
9066; 1-800-336-5236, ext. 700 (North Ameri¬ 
ca) and 1-214-995-6611, ext. 700 (elsewhere); 
or circle 61. 


BOOKS 


Guides to business East and West 

The American Electronics Association 
(AEA) has two books for those in the elec¬ 
tronics industry on both sides of the Pa¬ 
cific. The 450-page 1990/91 AEA member¬ 
ship directory profiles some 2800 member 
firms and 500 associate members. Includ- 
(Continued on p. 132) 
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APPENDROE. 

Mensa is only for people 
whose IQ is in the top 2%. Take 
our at-home pre-test to see 
whether you may qualify to join, 
or let our brochure tell you if 
you've already qualified. If you 
rejoice in the exercise of the mind, 
joining Mensa will give you cause 
to cerebrate. 


UTIIIZE 

YOUR 

CRRHIHL 


Addres 


City/State/Zip- 

□ Send me the Mensa brochure. 

□ I'll try the at-home pre-test. Enclosed is 
$12.00 (check or money order in US. 
funds only, please). 



mensa- 


L 


Send to: MENSA, Dept. SPN0, 2626 East 
14th Street, Brooklyn, NY 11235-3992 


J 


Circle No. 20 


Faculty Search 

Materials Science 
Materials Engineering 

The MIT Department of Materials 
Science and Engineering has a 
search for a tenure track assistant 
professorship. A facuify member is 
sought with demonstrated potentiai, 
creativity and teaching ability in an 
aspect of the field of materials science 
and engineering. This position is open 
tor a faculty member specializing in 
any of the materials classes (metals, 
ceramics, polymers or electronic 
materials), or more broadly in materials 
science or materials engineering. 
Doctorate required and experience 
desirable. Salaries and benefits 
competitive. Position will be filled only 
if exceptional candidates are found. 
Appointment to a more senior position 
is possible based on experience and 
accomplishments. Send resume 
(include citizenship and/or visa 
status), publications list and 
references to Professor Merton C. 
Flemings, Head, Department of 
Materials Science and Engineering, 
Massachusetts Institute of 
Technology, 77 Massachusetts 
Avenue, Cambridge, MA 02139. 

MIT is an equal opportunity/affirmative 
action employer. 

MIT 






(Continued from p. 131) 
ed are the names of top executives, num¬ 
ber of employees, subsidiaries, products, 
and fax, telephone, and telex numbers. 

For AEA members, beyond their mem¬ 
bership allocation, the directories start at 
US $75 and move down to US $55 each for 
five or more. For nonmembers, the price is 
US $175 for one and down to US $155 each 
for five or more. 

Soft Landing in Japan is an AEA primer 
for U.S. software firms and others seeking 
to maximize their business opportunities 
in Japan. The market-entry handbook was 
developed by the relatively new Software 
Subcommittee of the AEA Industry Com¬ 
mittee in Japan. 

Included is a market overview covering 
distribution, legal issues, recruitment, 
marketing, and customer support. There 
are also six case studies of U.S. software 
companies—Autodesk, Comshare, Ingres, 
Lotus, Oracle, and SDRC—that are suc¬ 
cessfully selling in Japan. The handbook 
is US $50 for AEA members, US $95 for 
nonmembers. Contact: American Eiec- 
ironies Association, 5201 Great America 
Parkway, Santa Clara, Calif. 95054; 408-987- 
4200. Or, for the AEA directory, circle 63, 
and for the software handbook, circle 64. 


RAILROAD BUFFS 


Model a railroad on computer 

All aboard for a computer simulation pro¬ 
gram that mimics a train’s operation and 
allows for to-scale modeling. Design Your 
Own Railroad allows model railroaders to 
design and test model layouts on an Apple 
II computer using Z, N, HO, S, G, and O 
scales. Layouts can be made complete 
with scenery, to-scale tracks (with selec¬ 
table radii for curves), switches and rail¬ 
road yards. 

With the track creation completed, the 
user can put on an engineer’s cap, step be¬ 
hind the controls of a locomotive pulling 
up to 16 cars loaded with valuable freight 
or paying passengers, and head for real 
destinations. The railroad has 46 cars. 

Switcher locomotives can be used in the 
freight yards to couple and uncouple box¬ 
cars of manufactured goods, hoppers of 
coal or grain, tank cars of oil or chemicals, 
and flatcars. 

The engineer relies on a mouse or 
joystick to select icons to control the 
speed, direction, and coupling/uncoupling 
of the train and 26 switches in the layout. 

Suggested retail price of the Apple II ver¬ 
sion of Design Your Own Railroad is US 
$49.95. The program runs on 64K bytes and 
is available on 5.25- and 3.5-inch disks. Ver¬ 
sions forthe Macintosh and IBM Personal 
Computers will be coming down the tracks 
soon. Contact: Abracadata, Box 2440, Eu¬ 
gene, Ore. 97402; 503-342-3030; or circle 65. 


JAPANESE TECHNOLOGY 


Reports for the accessing 

Need to know about Japanese technolo¬ 
gy? Then consider a trio of directories. 


each of which serves as a guide to Japa¬ 
nese technical information. The volumes 
are produced jointly by the U.S. Commerce 
Department’s Japan Technology Literature 
Program and its National Technical Infor¬ 
mation Service (NTIS). 

The Directory of Japanese Technical 
Resources in the United States—1990 lists 
over 250 commercial services, government 
agencies and libraries that acquire, trans¬ 
late or disseminate Japanese technical in¬ 
formation. Japanese reports translated at 
Federal expense in 1989 and 1990 and 
available to the public are also cited. In¬ 
cluded as well are background articles dis¬ 
cussing how to access the Japanese 
resources. The price of NTIS Order No. 
PB90-155730 is US $39. 

The Directory of Japanese Databases 
describes 43 Japanese databases that are 
accessible from the United States. Includ¬ 
ed are the types of databases, contents, 
producer’s name, address and telephone 
number, how to access, and the equipment 
required (NTIS Order No. PB90-163080; US 
$35). 

The Directory of Japanese Technical 
Reports contains bibliographic citations 
(including abstracts) of Japanese reports 
added to the NTIS collection between 
January 1989 and March 1990. The direc¬ 
tory is in the same format as the NTIS 
Government Reports Announcements and 
Index (NTIS Order No. PB90-163098; US 
$35). 

The complete set (NTIS Order No. PB90- 
163072) is available for US $89. Contact: 
U.S. Department of Commerce, National 
Technical Information Service, Springfield, 
\Ja. 22161; 703-487-4650; fax, 703-321-8547. 


More on Japanese technology 

The Japan Technology Literature Program 
(JTLP) within the U.S. Department of Com¬ 
merce has other sources of information 
about what the Japanese are up to. Its pub¬ 
lication, the Japanese Technical Literature 
Bulletin, includes reports on technical and 
business studies, speeches, and product 
developments, and summarizes articles 
appearing in Japanese company news¬ 
letters. 

JTLP, to give its full pedigree, is part of 
the Japan Technology Program in the of¬ 
fice of International Policy and Programs 
under the Assistant Secretary for Technol¬ 
ogy Policy of the Technology Administra¬ 
tion of the Commerce Department. 

The technology program’s mandate is to 
provide U.S. business and industry with in¬ 
formation on scientific and technical de¬ 
velopments in Japan. One of the first ob¬ 
jectives of the program’s director. Dr. 
Phyllis Genther, is to increase small and 
medium-sized U.S. companies’ awareness 
of the program’s goals and activities. 

The literature program works closely 
with the National Technical Information 
Service (see previous item), from which 
most of the reports mentioned in the JTLP 
bulletin are available. A subscription to the 
bulletin, which comes out at least quarter¬ 
ly, is free. Contact: Japan Technology Liter¬ 
ature Program, Room 4817 HCHB, 14th and 
Constitution Avenue, Washington, D.C. 
20230; 202-377-1288; fax, 202-377-4498. 


Coordinator: Alfred Rosenblatt 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


The following listings of interest to IEEE members have been placed by educational, government, and industrial organizations 
as weii as by individuais seeking positions. To respond, appiy in writing to the address given or to the box number iisted in 
care of Spectrum Magazine, Ciassified Employment Opportunities Department, 345 E. 47th St., New York, N.Y. 10017. 
Advertising rates 

Positions open: $32.00 per line, not agency-commissionable 
Positions wanted: $32.00 per line, a 50% discount for IEEE members who supply 
their membership numbers with advertising copy 

Aii classified advertising copy must be received by the 25th of month, two months preceding date of issue. No teiephone ord¬ 
ers accepted. For further information contact Wendy i. Goidstein, 212-705-7578. 

IEEE encourages employers to offer salaries that are competitive, but occasionaiiy a saiary may be offered that is significant- 
iy beiow currentiy acceptable levels. In such cases the reader may wish to inquire of the empioyer whether extenuating cir¬ 
cumstances appiy. 


Academic 

Positions Open 


Caltech Electrical Engineering— The Division of 
Engineering and Applied Science of the Califor¬ 
nia Institute of Technology invites applications 
for a tenure-track position in electrical systems. 
Candidates with broad interests in signai pro¬ 
cessing, as applied to speech and image pro¬ 
cessing, controi, communications, sonar, radar, 
astronomy, etc., or to VLSi implementations of 
signal processing algorithms, are encouraged 
to apply. The successful candidate will be ex¬ 
pected to develop an active research program 
and to teach undergraduate and graduate 
courses. Preference will be given to applicants 
at the Assistant Professor level, but exception¬ 
al candidates at higher levels may also be con¬ 
sidered. Interested persons should send com¬ 
plete resume, including a description of re¬ 
search interests and the names and mailing ad¬ 
dresses of at least three references to: 
Professor Robert McEliece, MS 116-81, Califor¬ 
nia Institute of Technology, Pasadena, CA 
91125. Caltech is an Affirmative Action, Equal 
Opportunity Employer. Women and minorities 
are encourage to apply. 

Electrical Engineering: Bucknell University in¬ 
vites applications for a tenure-track position at 
the Assistant Professor level. The individual 
selected will also be the recipient of the T. 
Jefferson Miers Fellowship which will provide 
support for summer research and professional 
development. We are seeking an individual with 
promise as a teacher and researcher in the area 
of computer hardware and microprocesssors. 
Qualifications include a Ph.D. (by the time of ap¬ 
pointment) in Electrical and/or Electrical/Com¬ 
puter Engineering. Bucknell University is a pri¬ 
vate university emphasizing quality under¬ 
graduate education in engineering and liberal 
arts. Review of applications will begin on 
November 1,1990 and will continue until the po¬ 
sition is filled. Send application to Maurice F. 
Aburdene, Electrical Engineering Department, 
Bucknell University, Lewisburg, PA 17837. Wom¬ 
en and members of minority groups are espe¬ 
cially encouraged to apply. 

University of Caiifornia, Santa Barbara, Electri¬ 
cal and Computer Engineering. Applications 
are invited tor at least three tenure-track assis¬ 
tant professor positions, available effective 7/1/ 
91, tor candidates experienced in image pro¬ 
cessing/computer vision/speech processing, 
parallel algorithms, electromagnetics, or imag¬ 
ing technology (including optical processing). 
Normally, completion of a doctorate is required 
at the time of the appointment. Candidates 
should have an established research reputation 
or outstanding research potential, the ability to 
attract external research funding, and a strong 
commitment to teaching at the undergraduate 
and graduate levels. Applicants should send 
their resumes and the names and addresses of 
at least four professional references to: Faculty 
Search Committee, Department of Electrical 
and Computer Engineering, University of 
California, Santa Barbara, CA 93106. Applica¬ 
tions will be received until the positions are 
filled. Proof of U.S. Citizenship or eligibility for 
U.S. employment will required prior to employ¬ 
ment (Immigration Reform and Control Act of 
1986). An Equal Opportunity/Affirmative Action 
employer. 

IEEE SPECTRUM NOVEMBER 1990 


University of Rochester, Electrical Engineering. 

The faculty is seeking applications from in¬ 
dividuals who are active in digital signal pro¬ 
cessing, optocommunication systems, com¬ 
puter engineering, ASIC design, or related 
areas. These individuals would contribute to ex¬ 
isting faculty groups in image & signal pro¬ 
cessing, ultrasound & medical ultrasound, su¬ 
perconducting electronics, ultrafast phenome¬ 
na, computer systems, design automation, in¬ 
tegrated circuit design & testing, and 
networking. Applicants should have an estab¬ 
lished research record, or a commitment to es¬ 
tablish such a record. Those appointed are ex¬ 
pected to develop independent or cooperative 
research efforts and participate in undergradu¬ 
ate and graduate teaching. Appointments are 
usually made at the Assistant Professor level, 
tenure track. However, higher level appoint¬ 
ments may be made in exceptional cases. A 
Doctorate in Electrical Engineering ora close¬ 
ly related field is required. Applicants should 
send a full resume, a statement of research 
plans, and copies of relevant publications to: 
Professor Edwin Kinnen, Chair, Dept, of Electri¬ 
cal Engineering, University of Rochester, 517 
Computer Studies Bldg., Rochester, NY 14627. 
The University of Rochester is an Equal Oppor¬ 
tunity Employer (M/F) and specifically invites 
and encourages women and minorities to apply. 

Faculty Positions. Cleveland State University is 
seeking applications for a tenure track faculty 
position in Electrical Engineering. Appointment 
will be at the Assistant or Associate Professor 
level with a competitive salary and rank com¬ 
mensurate with qualifications. Qualifications 
include a Ph.D. degree, the abilities to teach in 
B.S., M.S., and Doctoral-level programs and to 
engage in a vigorous research program. 
Specialities desired are in communications, 
signal processing and computer engineering. 
Primary departmental interests are in informa¬ 
tion theory, coding, signal processing, image 
processing and all areas of computer engineer¬ 
ing. Faculty members in the department have 
the possibility of obtaining research support for 
industry-sponsored projects locally through the 
CSU Advanced Manufacturing Center. NASA 
Lewis Research Center is an additional local 
source of research support. Deadline: Novem¬ 
ber 25,1990 or when position is filled, with on¬ 
going screening of applications. Starting date: 
September 16, 1991. Send resume and list of 
three references to: Dr. James H. Burghart, 
Chairman, Electrical Engineering Department, 
Cleveland State University, E. 24th & Euclid Ave., 
Cleveland, OH 44115. Equal Opportunity Em¬ 
ployer, m/f/h. 

The Johns Hopkins University, Department of 
Electrical and Computer Engineering, invites 
applications for tenure-track faculty positions, 
at the Assistant or Associate Professor level, in 
the general area of signals and systems. Prefer¬ 
ence will be given to candidates with research 
interests in signal processing. Candidates for 
Associate Professor appointments are expect¬ 
ed to have significant research records. Candi¬ 
dates for Assistant Professor appointments are 
expected to show strong research potential. 
Tenured appointments at the level of Professor 
are also possible for uniquely qualified individu¬ 
als. Positions may be filled as early as January, 
1991. Applicants should send resumes, includ¬ 
ing names of at least three references, to 
Professor H.L Weinert, Department of Electri¬ 
cal and Comouter Enoineerino. The Johns Hoo- 


kins University, Baltimore, MD 21218. The Johns 
Hopkins University is an equal opportunity/af¬ 
firmative action employer. 

Research Associate, Microwave CAD. The NSF 
l/UCR Center tor Microwave/Millimeter-Wave 
CAD at the University of Colorado, Boulder has 
a post-doctoral opening for research in the area 
of computer-aided design of microstrip anten¬ 
nas. The position requires a Ph.D. in Electrical 
Engineering or a related field. The candidate 
must have a strong background in CAD tech¬ 
niques suitable for microstrip antennas and ar¬ 
rays with a dielectric layer covering, preferably 
having worked on a Ph.D. thesis in this field. 
Also, complimentary expertise in CAD of 
microstrip circuits is desired. The candidate 
should be capable of handling research con¬ 
tracts and should be able to supervise gradu¬ 
ate students on research projects. Teaching 
responsibilities may also be assigned as need¬ 
ed. The initial appointment is for a minimum 
period of one year with the possibility of renew¬ 
al. The salary will be in the range of $37.5K 
to$40K, depending upon relevant experience. To 
apply, send a resume (with names of references) 
to: Director, MIMICAD Center, University of 
Colorado at Boulder, Campus Box 425, Boulder, 
CO 80309-0425. Deadline for applications is Oc¬ 
tober 15, 1990. The university of Colorado at 
Boulder has a strong institutional commitment 
to the principle of diversity in all areas. In that 
spirit, we are particularly interested in receiving 
applications from a broad spectrum of people 
including women, members of ethnic minorities 
and disabled Individuals. 

The Department of Electrical Engineering at the 
University of Maine invites applications at all 
ranks for a tenure track position in power en¬ 
gineering beginning January or September, 
1991. Applicants should have an earned doc¬ 
torate. The successful candidate will be expect¬ 
ed to contribute to undergraduate and graduate 
teaching in the electric power area and to es¬ 
tablish a research program. Opportunities ex¬ 
ist to cooperate with several local power com¬ 
panies. Salaries are competitive and arrange¬ 
ments are made to assist junior faculty in in¬ 
itiating a research program. Applicants must 
send a resume which clearly indicates citizen- 
shipMsa status, a statement concerning teach¬ 
ing and research interests and a list of three 
references to: EE Search Committee, Barrows 
Hall, University of Maine, Orono, ME04469. Ap¬ 
plications from women and minorities are par¬ 
ticularly encouraged. Review of applications 
will begin immediately and continue until 
February 15,1991 or until the position is filled. 
The University of Maine is an Equal Opportuni¬ 
ty/Affirmative Action Employer. 

University of Toronto Department of Electrical 
Engineering. The Department of Electrical En¬ 
gineering invites applications for two tenure- 
stream Assistant Professor positions in the 
area of Computer Engineering, available im¬ 
mediately. Subareas of specialization include, 
but are not limited to, software engineering and 
computer architecture. Cross-appointment to 
the Department of Computer Science is a pos¬ 
sibility. These positions involve both research 
and teaching at the undergraduate and gradu¬ 
ate levels. Applicants must have a doctoral de¬ 
gree in Electrical Engineering, an outstanding 
academic record and effective teaching ability. 
These positions are two of several made possi¬ 
ble bv the expansion of the new Department of 
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Electrical Engineering and the establishment of 
a new undergraduate program in Computer En¬ 
gineering. Applicants should send a curriculum 
vitae, a statement concerning teaching and re¬ 
search interests, and a list of three references 
to: Professor A.S. Sedra, Chairman, Department 
of Eiectrical Engineering, University Toronto, 
Toronto, Ontario, Canada M5S 1A4. in accor¬ 
dance with Canadian Immigration require¬ 
ments, priority wiil be given to Canadian 
citizens and permanent residents of Canada. 
The University encourages both women and 
men to appiy. 

University of Minnesota, Minneapoiis, Minneso¬ 
ta. The Department of Electrical Engineering in¬ 
vites appiications and nominations for tenure 
track and tenured positions of all ranks. In ad¬ 
dition tor the 1991-92 academic year several 
visiting and temporary positions are avaiiable. 
The duties of tenure and tenure track faculty in¬ 
clude the establishment of a sponsored re¬ 
search program and teaching at both the under¬ 
graduate and graduate level. Candidates with 
exceptional qualifications in all areas of elec¬ 
trical engineering will receive due considera¬ 
tion. Of particular interest, however, are in¬ 
dividuals whose specialties lie in the areas of 
computer architecture and digital electronics, 
circuits, and VLSI design, and microelectronics, 
with particular interests in optoelectronics, or 
micromachining. The Department of Electrical 
Engineering has 46 faculty members providing 
undergraduate and graduate education and 
pursuing research In all areas of electrical en¬ 
gineering. The State-funded Microelectronics 
and Information Sciences Center and the Su¬ 
percomputer Institute at the University of Min¬ 
nesota provide opportunities for interdiscipli¬ 
nary research. The Department has a complete 
integrated circuit fabrication and design labora¬ 
tory. Faculty have direct access to the full range 
of computing facilities including supercom¬ 
puters. The requirements for all positions in¬ 
clude an earned Doctorate in an appropriate 
discipline at the time of the appointment and 
outstanding academic and research records. 
Rank and salary will be commensurate with the 
qualifications and experience of the selected 
candidates. Applications and nominations 
should be sent with a resume containing the 
names of three references to: Professor Larry 
L. Kinney, Chairman of the Faculty Recruiting 
Committee, Department of Electrical Engineer¬ 
ing, University of Minnesota, 200 Union Street 
SE, Minneapolis, MN 55455. The last date for 
receiving applications will be August 30, 1991 
for positions available September 16,1991. Re¬ 
view and Interviews may begin as early as 
November 15,1990, and early decisions can be 
made on positions. The University of Minneso¬ 
ta is an equal opportunity educator and employ¬ 
er and specifically invites and encourages ap¬ 
plications from women and minorities. 

Princeton University Dean, School of Engineer¬ 
ing and Applied Science. Princeton University 
is seeking a Dean for the School of Engineer¬ 
ing and Applied Science for an appointment to 
begin the Fall of 1991. Applications or nomina¬ 
tions should be received by November 1,1990, 
and should be sent to: Dean of the Faculty, 9 
Nassau Hall, Princeton University, Princeton, 
NJ 08544. Princeton University is an affirmative 
action, equal opportunity employer. 

Wayne State University anticipates openings 
for visiting, tenure-track or tenured faculty in 
the Electrical and Computer Engineering 
Department. We are seeking research oriented 
individuals interested in either: computer en¬ 
gineering, with emphasis on networks, parallel 
and distributed processing, modeling and per¬ 
formance analysis; VLSI design; opfics; com¬ 
munications; or control. Applicants should 
have an earned Ph.D. and be committed to 
teaching and research. Rank and salary will de¬ 
pend on experience and qualifications. Wayne 
State is a large urban university, and welcomes 
applications from women and minorities. Re¬ 
sumes should be sent to Dr. M.P. Polls, Chair, 
ECE Dept., Wayne State University, Detroit, Ml 
48202. Wayne State University is an Equal Op- 
portunity/Affirmative Action employer. 

Bellmon Chair in Photonics Oklahoma State 
University School of Electrical and Computer 
Engineering. Oklahoma State University invites 
nominations and applications for the Henry 


and Shirley Bellmon Chair in Photonics. The 
successful candidate will have an established 
reputation as a scholar, a demonstrated capac¬ 
ity for leadership and a sincere interest and abil¬ 
ity to develop multi-disciplinary faculty and stu¬ 
dent programs in Photonics. The person who is 
selected for this position will hold a tenured po¬ 
sition in the School of Electrical and Computer 
Engineering and will teach courses relating to 
their interests at the graduate and undergradu¬ 
ate levels. The person will work very closely with 
the faculty in the Department of Physics and 
will participate in the research program of the 
OSU Center for Laser Research. Applicants 
should have received an earned doctorate with 
at least one degree in Electrical Engineering 
and should have a strong background in aca¬ 
demic and/or industrial research in the applica¬ 
tion of optical technology to problems In areas 
such as communications, computation or sur¬ 
veillance. The OSU Center for Laser Research 
was established in 1988 to focus optical re¬ 
search in a nationally prominent program with 
faculty from Physios, Chemistry and Electrical 
Engineering. A new building has recently been 
completed with 9,100 square feet of prime re¬ 
search space already occupied by the Center. 
Current projects being conducted by the Cen¬ 
ter are funded from the federal government, the 
State of Oklahoma and private industry. Okla¬ 
homa State University has made a substantial 
commitment to the Center and to the Henry and 
Shirley Bellmon Chair which is funded by an en¬ 
dowment of one million dollars. Nominations 
and applications, including a curriculum vitae 
should be sent to: Professor James Baker, 
School of Electrical and Computer Engineering, 
202 Engineering South, Oklahoma State Univer¬ 
sity, Stillwater, OK 74078-0545. 

Electrical and Computer Engineering. The 
Department of Electrical and Computer En¬ 
gineering at West Virginia University antici¬ 
pates possible faculty positions in all areas. 
Salary and rank will be commensurate with 
qualifications. Positions will be tenure track. 
Applicants must have the Ph.D., must have 
potential for high quality teaching, and will be 
expected to initiate research and participate in 
departmental research programs. A curriculum 
vitae and cover letter identifying an area of 
specialization should be sent to: Virginia 
University, RO. Box 6101, Morgantown, WV 
26506-6101. Applications will be received and 
considered immediately and searches will con¬ 
tinue until all available positions are filled. West 
Virginia University is an affirmative action/ 
equal opportunity employer m/f. 

Computer Engineering Department, San Jose 
State University, invites applications for tenure 
track faculty positions 91-05,91-06. Earned doc¬ 
torate in Electrical or Computer Engineering is 
required. Areas of interest for 91-05 are (A) com¬ 
puter hardware and digital design (B) operating 
systems and compiler design. Hardware design 
experience is required for 91-06 areas of in¬ 
terest: (1) hardware and software design of 
CISC, RISC, and stack machines (2) memory 
hardware and software design including cache 
and EDC (3) graphics hardware and software de¬ 
sign. Rank and salary consistent with qualifi¬ 
cations and experience. Open period is from 
9-1-90 until positions are filled. Please send a 
letter of intent, a complete curriculum vitae, and 
names & telephone numbers of three refer¬ 
ences to Dr. Nicholas L. Pappas. Chair, Com¬ 
puter Engineering Department, San Jose State 
University, San Jose, CA 95192-0085. SJSU is an 
equal opportunity, affirmative action. Title IX 
employer. 

Electronic Engineering Technology: New Mexi¬ 
co Highlands University is seeking an Assistant 
or Associate Professor in Engineering Technol¬ 
ogy for January 1991 or August 1991. The can¬ 
didate will teach beginning and advanced 
courses in a BS degree program in electronic 
and computer engineering technology. Duties 
will include development of new courses and 
laboratories. Areas of preference include 
microprocessor systems/interfacing, electron¬ 
ic devices, digital communication systems, and 
the UNIX Operating System. A Ph.D. in Electri¬ 
cal or Computer Engineering preferred, howev¬ 
er, a candidate with an MS in Electrical or Com¬ 
puter Engineering will be considered. Salary 
range is $28,000 to $36,000. Applications will be 
accepted until the position is filled. Forward a 
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resume, letter of intent along with the address¬ 
es of three references to: Dr. Calvin Thomas, 
Chairperson, Search & Screen Committee, 
School of Science & Technology, New Mexico 
Highlands University, Las Vegas, NM 87701 
(505) 454-3458 AA/EEO Employer. 


Department of Electrical and Computer En¬ 
gineering. Ecole Polytechnique de Montreal in¬ 
vites nominations and applications for candida¬ 
cy of The Videotron industrial chair in Broad¬ 
band Telecommunications Technology. Of par¬ 
ticular interest are candidates with a strong 
research background in broadband communi¬ 
cation systems with a special emphasis on ca¬ 
ble and fiber optics distribution networks and/ 
or video technologies. Candidates for the posi¬ 
tion must be capable of providing leadership in 
collaborative research with industry and con¬ 
tributing significantly to the research activities 
and graduate student supervision in the Depart¬ 
ment of Electrical and Computer Engineering 
at Ecole Polytechnique. The chair will allow its 
holder to assemble and lead a team of research¬ 
ers and graduafe studenfs involved in broad¬ 
band high speed communication, integration of 
voice, data and video on cable and fiber optics 
distribution networks, video technologies and 
services, and modelling and performance anal¬ 
ysis. Applicants and nominees must have an 
outstanding research record, a strong Interest 
in teaching, and a commitment to the creation 
and development of a world-class research pro¬ 
gram in broadband telecommunications. The 
chair will be sponsored jointly by Videotron and 
a federal granting agency. To that effect, the 
candidate selected to become the chairholder 
will first prepare a detailed research proposal 
for approval by this granting agency. Upon ap¬ 
proval, the candidate then becomes the 
chairholder and will join the Communications 
Section of the Department of Electrical and 
Computer Engineering of Ecole Polytechnique. 
The chairholder will hold a tenure track position 
at Ecole Polytechnique, normally at the level of 
full professor. He/she will participate in teach¬ 
ing activities and will have privileged access to 
the expertise and facilities of Videotron. A work¬ 
ing knowledge of French would be an asset. In¬ 
terested persons should write or call Professor 
David Haccoun, Chairman of the Search Com¬ 
mittee for the Videotron Industrial Chair in 
Telecommunications, Ecole Polytechnique, 
Department of Electrical and Computer En¬ 
gineering, RO. Box 6079, Station A, Montreal 
(Quebec) Canada, H3C 3A7. Tel.: (514) 340-4548. 
Fax.: (514) 340-4562. Applications accepted un¬ 
til December 3, 1990 or until candidate is 
selected. 


Director, Biomedical Engineering. The Johns 
Hopkins University School of Medicine and The 
Johns Hopkins Hospifal are seeking a scientist 
to lead the Department of Biomedical Engineer¬ 
ing. Applicants should have demonstrated 
leadership qualities and outstanding abilities 
in research and teaching in the application of 
engineering to problems of medical science. 
Please send letter of application, curriculum vi¬ 
tae, and bibliography to: William R. Brody, M.D., 
Ph.D., Chairman, Biomedical Engineering 
Search Committee, Johns Hopkins Hospital, 
Department of Radiology, B1-119 Tower Radiol¬ 
ogy, 600 North Wolfe Street, Baltimore, Mary¬ 
land, 21205. An Affirmative Action/Equal Oppor¬ 
tunity Employer. 


Wright State University Department of Com¬ 
puter Science and Engineering, Dayton, OH 
45435. Applications are invited for the position 
of Instructor in Computer Science and En¬ 
gineering. Successful candidates must have an 
M.S. degree in Computer Science, Computer En¬ 
gineering, or related field. Teaching experience 
strongly preferred as duties will include teach¬ 
ing introductory undergraduate courses in com¬ 
puter science/ engineering, preparing class¬ 
room materials, grading, and advising. Instruc¬ 
tor positions are non-tenure track, nine-month 
appointments with the likelihood for reappoint¬ 
ment. Summer support is usually available for 
qualified instructors. There are opportunities 
for pursuing a PhD. Wright State University’s 
Computer Science and Engineering department 
has a variety of dynamic research and educa¬ 
tion programs. Its laboratory facilities boast a 
VAX 5810, 30 SUN and DEC workstations net¬ 
worked into extensive University facilities, and 
Internet access. Wright State University is a 
state supported university located in the Day- 
ton metropolitan area, a high technology en¬ 
vironment composed of several industrial, cor¬ 
porate and military research and development 


: SPECTRUM NOVEMBER 










facilities. Review for positions will begin De¬ 
cember 1, 1990 and continue monthly until 
filled. Send letter of applications, resume, 
names of three references, and official copies 
of transcripts to: CSNET address- 
amcaulay@cs.wrig^ht.edu or Dr. Alastair D. 
McAulay, Chair, Department of Computer 
Science and Engineering, Wright State Univer¬ 
sity, Dayton, OH 45435. An equal opportunity/af¬ 
firmative action employer. 


San Jose State University Electrical Engineer¬ 
ing Department. Applications are invited for 
entry-level tenure-track faculty positions at the 
Assistant Professor rank. Positions are availa¬ 
ble in computer and multiprocessor design, 
microprocessor design, microprocessor appli¬ 
cation; analog and digital electronics, including 
CAD and VLSI; DSP architecture and applica¬ 
tion; circuits, systems and signal processing. 
Earned doctorate in Electrical Engineering is re¬ 
quired. Positions are limited to U.S. citizens or 
permanent residents. Research, consulting and 
summer employment opportunities are availa¬ 
ble. The University is the oldest and one of the 
largest in the California State University Sys¬ 
tem. It is located at the southern end of San 
Francisco Bay in the heart of Silicon Valley. Re¬ 
sume and names and addresses of three refer¬ 
ences should be submitted to Dr. Ray R. Chen, 
Chair, Department of Electrical Engineering, 
San Jose State University, San Jose, California, 
95192-0084. San Jose State University is an 
equal opportunity/affirmative action/Title IX em¬ 
ployer. Women and minorities are especially en¬ 
couraged to apply. 


University of lliinois at Chicago—Instructor- 
ships and Tenure-Track faculty positions in elec¬ 
trical engineering and computer science at 
both the junior and senior level are available. 
Rank and salary commensurate with qualifica¬ 
tions. An earned Doctorate in EE or CS must be 
completed by date of appointment, but not for 
the instructorships. Demonstrated teaching 
and research abilities are highly desirable. For 
full consideration, please send resume, list of 
publications, and the names of at least three 
references by April 30,1991, to Dr. Wai-Kai Chen, 
Head, Department of Electrical Engineering 
and Computer Science (M/C 154), Un iversity of 
Illinois at Chicago, P.O. Box 4348, Chicago, IL 
60680. The University of Illinois is an Affirma¬ 
tive Action/Equal Opportunity Employer. 


The Mechanical Engineering Department at 
Carnegie Mellon University invites applications 
for a tenure-track position at the Assistant 
Professor level Commencing September 1991 in 
the area of Robotics and Controls. This position 
is joint with the Robotics Institute at Carnegie 
Mellon. Applicants must have a Ph.D. in 
Mechanical Engineering (or closely related 
field). Duties include teaching undergraduate 
and graduate courses, and research. Appoint¬ 
ments at a higher rank will be considered for 
qualified applicants having a proven record of 
grant support. Submit application, complete re¬ 
sume, and names of three references to Profes¬ 
sor G.B. Sinclair, Mechanical Engineering 
Department, Carnegie Mellon University, 
Schenley Park, Pittsburgh, PA 15213-3890. Clos¬ 
ing date for applications is February 15, 1991. 
Carnegie Mellon University is an affirmative ac¬ 
tion/equal opportunity employer. 


Postgraduate Researcher. Two-year project for 
the development of dynamic neural networks 
that embody biological algorithms for pattern 
formation and recognition. Emphasis will be 
placed on use of chaotic dynamics. Experience 
in digital circuit design and fabrication, “C” and 
UNIX for solving sets of coupled nonlinear 
differential equations using numerical tech¬ 
niques, and Macintosh II system. Beginning 
date 1/1/91. Salary: $2176/month. Credentials: 
Recent Ph.D. in Electrical Engineering and 
Computer Science. Send applications by 11/30/ 
90 to Dr. Walter J. Freeman, 129 LSA, Division 
of Neurobiology, Department of Molecular and 
Cell Biology, University of California, Berkeley, 
CA 94720 USA, (415) 642-4220, FAX (415) 
643-6791. The University of California is an af¬ 
firmative aotion/equal opportunity employer. 


Clemson University. Department of Electrical 
and Computer Engineering. The Department of 
Electrical and Computer Engineering at Clem¬ 
son University invites applications for tenure/ 
tenure-track positions, primarily at the assis¬ 
tant professor level. A Ph.D. is required. Candi¬ 
dates with research interests in one of the fol¬ 
lowing areas are sought: communications and 


digital signal processing; networks and dis¬ 
tributed computing; quantitative analysis of 
computer architectures; electromagnetic anal¬ 
ysis of active devices (microwave, millimeter 
wave, or electro-optic); and multidisciplinary ap¬ 
plications in power systems (e.g. power and ar¬ 
tificial Intelligence; power and computer com¬ 
munications). A successful candidate must ex¬ 
hibit exceptional potential for research and 
teaching. Clemson University’s College of En¬ 
gineering was listed as one of the United States’ 
“up-and-coming” engineering graduate pro¬ 
grams in the March 19,1990, issue of U.S. News 
and World Report. The ECE Department com¬ 
prises thirty-six full-time faculty, approximate¬ 
ly 700 undergraduate students, and 140 gradu¬ 
ate students. It offers B.S., M.S., and Ph.D. 
degrees in both electrical engineering and com¬ 
puter engineering. Facilities and/ or groups 
bearing on the areas indicated above include 
the Clemson University Electric Power Re¬ 
search Association (CUEPRA); a microcircuits 
reliability research group with a class 100 clean 
room; automated microwave measurement fa¬ 
cilities to 26 GHz; an image processing labora¬ 
tory; a Center for Computer Communication 
Systems. Resumes, supported with a list of 
references, should be sent to L. Wilson Pearson, 
Head; Department of Electrical and Computer 
Engineering; 102 Riggs Hall; Clemson Universi¬ 
ty; Clemson, SC 29634-0915. Initial screening of 
applicants will begin January 15,1991 and con¬ 
tinue until positions are filled. Clemson Univer¬ 
sity is an Equal Opportunity/Affirmative Action 
Employer. 

University of Caiifornia, Berkeley Institute of 
Transportation Studies. Research Position 
Available. The Institute of Transportation 
Studies, and Organized research unit of the 
University of California at Berkeley, has a large 
multi-disciplinary research program, the Pro¬ 
gram on Advanced Technology for the Highway 
(PATH), which covers a broad range of transpor¬ 
tation related topics. The Institute is filling an 
Associate Specialist position for an electrical 
engineer for the program. The successful can¬ 
didate will be responsible to: Conduct research, 
evaluation, design and perform experiments on 
advanced road vehicle lateral control tech¬ 
niques, particularly on the sensing/reference 
system. Develop a sensing reference/system us¬ 
ing an electromagnetic sensing technique. Col¬ 
laborate in the theoretical analysis of magnet¬ 
ic fields, signal processing, information coding 
and decoding techniques. Conduct studies on 
the reliability and safety related issues to ex¬ 
plore possible approaches for maximizing safe¬ 
ty of the lateral control system. Work together 
with other university researchers and engineers 
from automobile companies in developing the 
lateral control system. Supervise the work of 
graduate students. Qualification: This position 
requires knowledge of the worldwide state of 
the art in technologies for automatic lateral gui¬ 
dance of road vehicles, as well as expertise in 
the development and specification of elec¬ 
tromagnetic sensing technologies. This appli¬ 
cant should also demonstrate analytical and 
experimental expertise in engineering of sys¬ 
tems for maximum safety. This expertise 
should include principles of Fail-Safe and fault- 
tolerant system design, as well as use of Fail¬ 
ure Mode Effects andCriticality Analysis. This 
position requires a minimum of a master’s de¬ 
gree in Electrical Engineering plus at least four 
years of related experience in this field. Salary: 
Commensurate with qualification; to be deter¬ 
mined at the time of appointment. The salary 
range is $36,648—$44,172 per year. Job site is 
in Richmond, California. Applicants should 
send curriculum vitae and names of three refer¬ 
ences to Director, Institute of Transportation 
Studies, 109 McLaughlin Hall, University of 
California, Berkeley, CA 94720. [tel. (415) 
642-3585]. Deadline: November 30, 1990 or 30 
days from publication data, whichever is later. 
The University of California is an Equal Oppor¬ 
tunity, Affirmative Action Employer. 

The University of Alabama (Tuscaloosa). A 
tenure-track position exists in the Department 
of Electrical Engineering for an assistant 
professor. Special departmental needs are in 
the areas of power systems, modern digital con¬ 
trol, communications, optics/lasers and com¬ 
puter systems. However, outstanding appli¬ 
cants from other specializations will also be 
considered. Tuscaloosa, located in the rolling 
hills of West Alabama with a metropolitan area 
population of 150,000, is a one-hour drive west 
of Birmingham and three hours from Huntsville, 
Alabama where many NASA and DOD research 


facilities are located. Duties include both teach¬ 
ing and research activities. The faculty member 
is expected to develop an externally funded re¬ 
search program which will involve graduate stu¬ 
dents. Applicants must have an earned doc¬ 
torate in Electrical or Computer Engineering 
with U.S. citizenship or permanent resident sta¬ 
tus preferred. Salary is commensurate with 
qualifications. Send a resume to Dr. Jon G. 
Bredeson, Head, Department of Electrical En¬ 
gineering, The University of Alabama, Box 
870286, Tuscaloosa, Alabama 35487-0286. The 
Search Committee will begin considering appli¬ 
cations January 7,1991, and will continue until 
the position is filled. The University of Alabama 
is an Equal Opportunity/Affirmative Action Em- 

UniversiW of Southern California. The Depart¬ 
ment of Electrical Engineering-Systems at the 
University of Southern California has faculty 
positions available at the Assistant, Associate 
for Full Professor level in the following areas: 
Communications Science (optical communica¬ 
tions with an experimental emphasis, digital 
signal processing), and Signal and Image 
Processing (hardware for signal pro¬ 
cessing-analog, digital). Computer Engineering 
within the Electrical Engineering-Systems 
department is expanding, and looking to fill po¬ 
sitions in the following areas: VLSI/CAD, net¬ 
works (optical type), and architecture with an 
emphasis on hardware. Additionally, we are 
looking for a full-time instructor (M.A. only re¬ 
quired) to support the Computer Soienoe/Com- 
puter Engineering undergraduate degree pro¬ 
gram. For all openings, pTease send a resume 
and the names of at least three academic refer¬ 
ence to Jerry M. Mendel, Chairman, Department 
of Electrical Engineering-Systems, University of 
Southern California, Los Angeles, CA 
90089-0781. use is an equal opportunity/affirm¬ 
ative action employer. 

Brigham Young University-Computer Science 
Department. Applications are invited for an As¬ 
sistant Professor position in Communications/ 
Networking or Software Engineering beginning 
September 1991. Candidates must have a Ph.D. 
in Computer Science Applicants should send a 
curriculum vita to E. Daniel Johnson, 3362 
TMCB, Brigham Young University, Provo, UT 
84602. 

University of Nebraska-Lincoin, Department of 
Electrical Engin-jering. The department seeks 
qualified candidates tor a tenure-track faculty 
position in the area of control systems. Ex¬ 
perience and interest In large scale, nonlinear, 
stochastic, adaptive or optimal control systems 
are desired. The department also anticipates 
other position openings and opportunities for 
joint appointments with the University’s Re¬ 
search Centers in other areas. Applicants with 
expertise and interests in other areas of elec¬ 
trical engineering are also encouraged to apply. 
Rank and salary will be commensurate with 
qualifications. However, applications will be 
grouped and reviewed by academic rank, with 
hiring preference given first to the assistant 
professor level, then to associate and full 
professor level. Applicants must be U.S. citizens 
or hold permanent U.S. residency, hold an 
earned doctorate or anticipate receipt of it with¬ 
in six months of initial appointment, should 
have a strong interest in teaching at all levels 
and in developing research activity supportive 
of the department’s growing graduate pro¬ 
grams. Minority and women candidates are 
strongly encouraged to apply. Send a letter of 
application, resume, and a list of three refer¬ 
ences with addresses and telephone numbers 
by February 1,1991 (or until suitable candidate 
is found thereafter) to: Dr. R.J. Soukup, Chair, 
Department of Electrical Engineering, Univer¬ 
sity of Nebraska-Lincoin, 212N, WSEC, Lincoln, 
Nebraska 68588-0511. Affirmative Action/Equal 
Opportunity Employer. 

Electrical Engineering; The Department of Elec¬ 
trical and Computer Engineering at the Univer¬ 
sity of the Pacific is accepting applications for 
a tenure-track position at the Assistant or As¬ 
sociate Professor level. A Ph.D. is preferred, al¬ 
though an MS with significant industrial ex¬ 
perience will be considered. Undergraduate 
education is the primary responsibility; curric¬ 
ulum development, advising, MS-level teaching 
and clinic supervision, and scholarly activity/re¬ 
search are also expected. UOP is a private, com¬ 
prehensive university with a total enrollment of 
approximately 3800 students. Send resume to: 
Dr. George Sohroeder, Electrical and Computer 
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Engineering, University of the Pacific, Stockton, 
CA 95211. UOP is an equai opportunity, affirm¬ 
ative action employer. 


University of Maryland Baltimore County Dept, 
of Electrical Engineering anticipates several 
openings for tenure-track positions. The rapid¬ 
ly expanding program Is part of the Electrical 
Engineering Department of the University of 
Maryland system. We are seeking candidates in 
the areas of digital signal processing and opti¬ 
cal communications to strengthen ongoing ef¬ 
forts in Image processing, pattern recognition, 
modulation and coding, and signal processing 
and to complement our existing experimental 
photonics program. Candidates should expect 
to teach undergraduate/graduate electrical en¬ 
gineering courses and conduct research In their 
areas of specialization. Rank and salary com¬ 
mensurate with qualifications. Send resume, 
list of three reference and a statement of re¬ 
search Interests by April 1,1991 to Dr. Gary M. 
Carter, Chairman Faculty Search Committee, 
Department of Electrical Engineering, Univer¬ 
sity of Maryland Baltimore County, Baltimore, 
MD 21228-5398. UMBC is an EO/AA employer. 


The University of Texas at Austin, Electrical and 
Computer Engineering Department is accept¬ 
ing applications for tenure-track faculty posi¬ 
tions at the assistant professor level. Qualifica¬ 
tions Include an outstanding academic record, 
significant achievement in original research, 
sincere interest in teaching, and a doctorate in 
electrical or computer engineering/science. 
Duties will include teaching undergraduate and 
graduate courses. Interested applicants are in¬ 
vited to send resumes which detail their past 
professional accomplishments, and which in¬ 
clude the names and addresses of three refer¬ 
ences, to Dr. Mario J. Gonzalez, Chairman, 
Department of Electrical and Computer En¬ 
gineering, The University of Texas, Austin, Aus¬ 
tin, Texas 78712-1084, an Equal Opportunity/Af¬ 
firmative Action Employer. 


Faculty Positions In Electrical and Computer 
Engineering, State University of New York at 
Buffalo. Tenure track faculty positions are an¬ 
ticipated at all levels beginning August, 1991, 
with emphasis on Semicorductor Materials, 
Modelling of Submicron Do»'ces, Photonics, 
Computers and Communications Engineering. 
Applicants must have an earned doctorate, with 
teaching and research interests in one or more 
of the following areas: device fabrication; plas¬ 
ma processing; modelling and design for VLSI; 
microwave semiconductors; semiconductor 
growth by Molecular Beam Epitaxy; photonics; 
communications; expert systems; computer ar¬ 
chitecture; data structures; parallel processing; 
and artificial intelligence. These positions will 
involve undergraduate and graduate course de¬ 
velopment and teaching, and the establishment 
of externally supported research programs. The 
Department has 31 faculty, 200 full-time gradu¬ 
ate students, and 420 undergraduate students 
at the Junior and Senior level. Major facilities 
exist in semiconductors, superconductors, 
lasers, power and plasmas, image processing, 
VLSI, microwave, and computers. Centers of ex¬ 
cellence are established in Superconductivity, 
Electronic and Electro-optic Materials and Pow¬ 
er Conditioning. Applicants should supply a re¬ 
sume with names and addresses of three or 
more individuals for letters of reference. Appli¬ 
cations may be sent to Professor W.A. Ander¬ 
son, State University of New York at Buffalo, 
Department of Electrical and Computer En¬ 
gineering, 201 Bell Hall, Buffalo, NY 14260. 
SUNY at Buffalo is an equal opportunity/affirm¬ 
ative action employer. 


Graduate Research Assistant or Research As¬ 
sociate positions in optoelectronics. Must have 
hands-on knowledge of lll-V compound semi¬ 
conductor technology. Experience in remote 
PECVD a big plus. Send resume to: Dr. V. Mal- 
hotra. Department of Electrical Engineering, 
University of Hawaii at Manoa, 2540 Dole Street, 
Holmes Hall 450, Honolulu, Hawaii 96822. Fax 
No: (808) 956-3427. 


Carnegie Melion University. Graduate Study in 
Engineering and Public Policy (EPP): The EPP 
Graduate Program leads to a research-based 
Ph.D. specializing in policy issues in areas such 
as: telecommunication, computer and other in¬ 
formation technologies; design and application 


of conventional and Al-based computer sys¬ 
tems for policy analysis and decision support; 
mathematical modeling of energy and environ¬ 
mental systems; technical and economic is¬ 
sues of peace and international security; 
manufacturing and Industrial policy; and risk 
analysis. Applicants must hold a Bachelor’s De¬ 
gree in engineering, physical sciences, or 
mathematics. Education or experience beyond 
the Bachelor’s Degree is very desirable. Contact 
Dr. Indira Nair, Engineering and Public Policy 
(06), Carnegie Mellon University, Pittsburgh, PA 


Faculty Position in Medicai imaging. The Cur¬ 
riculum in Biomedical Engineering and 
Mathematics (BMME) and the Department of 
Radiology at the University of North Carolina at 
Chapel Hill invite applications for a tenured- 
track faculty position at the Assistant/Associ¬ 
ate Professor level beginning in early 1991. Can¬ 
didates should have a Ph.D. degree in engineer¬ 
ing, physics, applied mathematics, or a related 
area and be experienced in medical imaging re¬ 
search. Preference will be given to candidates 
who specialize in the areas of X-ray, MRI and/or 
Ultrasound imaging. The successful candidate 
should have experience or demonstrated poten¬ 
tial in securing external research funding. He/ 
she is expected to participate in teaching in the 
graduate program of BMME and to advise 
graduate students in dissertation research. He/ 
she will join another faculty member in BMME 
and a diverse group of scientists from the 
Departments of Radiology, Computer Science 
and Radiation Oncology who are actively pur¬ 
suing different areas of medical imaging re¬ 
search. Send resumes to Carol L. Lucas, Ph.D., 
Professor and Acting Chair, Biomedical En¬ 
gineering and Mathematics, CB #7575,152 Mac- 
Nider Hall, The University of North Carolina, 
Chapel Hill, NC 27599-7575 before October 1, 
1990. The University of North Carolina is an 
Equal Opportunity/Affirmative Action employer. 

Lafayette College: Two tenure-track Assistant 
Professor positions beginning August 1991, in 
the Electrical Engineering Department. Dis¬ 
ciplines of interest are Microelectronics, Com¬ 
munications, and Digital Signal Processing. Re¬ 
quires PhD in Electrical Engineering and a 
strong commitment to undergraduate educa¬ 
tion. Lafayette College enrolls 2,000 students 
and is an independent, highly selective under¬ 
graduate institution having EAC/ ABET- 
accredited programs in four engineering dis¬ 
ciplines. Women and minorities are encouraged 
to apply. Send resume, with three reference and 
statement of teaching and research interests, 
to Dr. William Hornfeck, Electrical Engineering 
Department, Lafayette College, Easton, PA 
18042. An Equal Opportunity Employer. 

Faculty Position Announcement in Electrical 
Engineering. The Department of Electrical En¬ 
gineering, University of Hawaii at Monoa, in¬ 
vites applicants for tenure-track assistant and 
associate professor positions with specializa¬ 
tion in any of the following three areas; (1) Com¬ 
puters: Knowledge of distributed computing 
and network architecture, multi-media data and 
knowledge-based systems, and intelligent 
multi-sensor systems; (2) Electrophysics: Elec¬ 
tronic circuits, 1C semiconductor devices, 1C 
technology. Instrumentation, microwave en¬ 
gineering, and sensors (biosensors, optical, 
micromechanical and other); (3) Communica¬ 
tions: Data networks. Duties: Teach EE under¬ 
graduate and graduate courses, serve on univer¬ 
sity and department committees, serve on 
graduate student committees, conduct re¬ 
search and scholarly activities, and perform 
related tasks as assigned. Minimum qualifica¬ 
tions: Assistant Professor: Ph.D. degree or com¬ 
pletion of all requirements for a doctorate in 
Electrical Engineering, demonstrated ability to 
teach, demonstrated scholarly achievement, 
ability to pursue and supervise research; strong 
commitment to both undergraduate and gradu¬ 
ate teaching. Associate Professor: Ph.D. degree 
in electrical engineering; minimum of four years 
of full-time college or university teaching at the 
rank of assistant professor or equivalent, with 
evidence of increasing professional maturity; 
demonstrated scholarly achievement in com¬ 
parison with peers active in the same field; 
demonstrated ability to plan and organize as¬ 
signed activities including the supervision of 
work assignments when appropriate; ability to 


pursue and supervise research; strong commit¬ 
ment to both undergraduate and graduate 
teaching. Minimum annual salary: $50,364 (as¬ 
sistant professor) and $63,732 (associate 
professor). Salary negotiable dependent upon 
qualifications and experience. Send resume 
and three letters of reference by December 10, 
1990 to Professor Shu Lin, Chairman, Depart¬ 
ment of Electrical Engineering, University of 
Hawaii at Manoa, 2540Dole Street, Homes Hall 
483, Honolulu, Hawaii 96822. 

Electrical Engineering Professorial Positions. 

Professorial positions are available In Signal 
Processing, Computer Systems, Electronic Ap¬ 
plications and Quality. Further information can 
be obtained from the Personnel Department, 
Queensland University of Technology, tele¬ 
phone 617 223 2906, facsimile 61 7 229 3193 or 
write to the Personnel Director OUT GPO Box 
2434 Brisbane Queensland 4001 Australia. Ap¬ 
plications close 30 November 1990. 

E.E. Faculty Positions at Auburn University. E.E 
Department currently has openings for faculty 
with expertise in any of the following areas: 
computer engineering, VLSI design, electronic 
circuit design or power engineering. Applicants 
must be research oriented, have a Ph.D. and an 
electrical engineering background. Senior lev¬ 
el appointments are available. Foreign nation¬ 
al applicants must clearly indicate visa status. 
Auburn is Alabama’s land-grant university with 
22,000 students. The E.E. Department has 30 
faculty and currently enrolls approximately 750 
undergraduate and 120 graduate students. The 
annual research funding level is approximate¬ 
ly $3 million. Interested persons may send re¬ 
sumes to Professor L.L. Grigsby, Chairman of 
Faculty Search Committee, Department of Elec¬ 
trical Engineering, Auburn University, AL 
36849-5201. Minorities and women are en¬ 
couraged to apply. Auburn University is an 
equal opportunity and affirmative action em¬ 
ployer. 

Western Michigan University, the Department 
of Electrical Engineering invites applications 
for an anticipated tenure-track faculty position 
at the Assistant/Associate/Full Professor level. 
Preferred applicants must have an earned PhD 
in Computer Engineering or the equivalent and 
specialize in computer engineering and design. 
Responsibilities include graduate and under¬ 
graduate teaching, curricular leadership, and 
research. Western Michigan University Is locat¬ 
ed in Kalamazoo, Michigan and has approxi¬ 
mately 26,000 students; it is one of the state’s 
five graduate intensive universities and is desig¬ 
nated a Carnegie Doctoral I university. The 
Department offers two EAC/ABET accredited 
undergraduate degrees (Computer Systems En¬ 
gineering and Electrical Engineering) and a 
growing graduate program. We are looking for 
an experience computer engineering faculty 
member who enjoys teaching and would like to 
participate in building a design oriented gradu¬ 
ate program in computer engineering. Please 
send a detailed resume, including a statement 
of citizenship, and names of three references to: 
Dr. Thomas F. Piatkowski, Chair, Department of 
Electrical Engineering. Western Michigan 
University, Kalamazoo Ml 49008-5066 or 
piatkowski@gw.wmioh.edu. Applications will 
be accepted until the position is filled. Western 
Michigan University is an affirmative action em¬ 
ployer/equal opportunity institution. 

University of Houston. The Department of Elec¬ 
trical Engineering invites applications for 
tenure-track positions in the areas of applied 
electromagnetics, biomedical engineering, 
communications, computer engineering, elec¬ 
tronics and microelectronics. Qpenings are 
available at all ranks. Please send resumes to 
Dr. J.C. Wolfe, Department of Electrical En¬ 
gineering, University of Houston, Houston, TX 
77204-4793. An Equal Opportunity Employer. 

Lehigh University, Chairperson, Department of 
Electrical and Computer Engineering. The Col¬ 
lege of Engineering and Applied Sciences at Le¬ 
high University invites applications and nomi¬ 
nations for the position of Chairperson of the 
Computer Science and Electrical Engineering 
(CSEE) Department. The Department has 26 
full-time faculty, 350 undergraduates and 200 
graduates (80 full-time) with an annual research 
budget of $3M. In addition, the CSEE Depart¬ 
ment awards annually about one-third of all en¬ 
gineering degrees at the undergraduate and 
graduate levels. The chairperson position is an 
endowed chair with a full professorship. A per- 
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Analogue 1C Design: 

The Current-Mode Approach 
Editors C. Toumazou, F. J. Lidgey, 
and D. G. Haigh 

Chapters include: current-mode circuits from a 
translinear viewpoint; current conveyor theory and 
practice; universal current-mode analogue ampli¬ 
fiers; dynamic current mirrors; continuous-time 
filters; switched-current filters; analogue interface 
circuits for VLSI; current-mode A/D and D/A con¬ 
verters; and neural network building blocks for ana¬ 
logue MOS VLSI. 

668 pp., casebound, 1990 US $85.00 
To order, contact the PPL Department/IEEE Service 
Center, 445 Hoes Lane, Box 1331, Piscataway, N.J. 
08855-1331; 201-562-5557; fax, 201-981-0027. 


MEDICAL and BIOLOGICAL 
ENGINEERING and COMPUTING (MBEC) 

MBEC is published bimonthly by INSPEC/ PPL, 
covering a broad range of Interests including: 

• Electroencephalography • Cardiography • Radi¬ 
ology • Nucleonics • Ultrasonics • Electromagnet¬ 
ic waves • Engineering aspects of biochemistry and 
pharmacology • Patient monitoring • Invasive tech¬ 


niques • Function replacement • Artificial aids • 
Electronics • Instrumentation • Cybernetics • Com¬ 
puting • Data processing • Mathematical techniques 
The 1991 subscription price Is US $432. 

To obtain a sample copy of MBEC, please CIRCLE 
# 92 on the Reader Service Card. Or contact the IN¬ 
SPEC Department/IEEE Service Center, 445 Hoes 
Lane, Piscataway, N.J. 08855-1331; 201-562-5549; 
fax, 201-981-0027. 


Learn to Improve Electrical Safety 
for Utility Workers in Just Four Days 
IEEE offers Training Program 
in Applying the NESC and 
Its Work Rules 

January 22-25,1991 San Francisco, Calif. 
April 15-18,1991 New Orleans, La. 

The IEEE will present a special four-day training pro¬ 
gram, Applying the National Safety Code and Its 
Work Rules, for field supervisors, managers, and 
other utility personnel with supervisory responsi¬ 
bilities. 

Participants from electric supply and communi¬ 
cations systems will learn how to apply the 1990 
National Electrical Safety Code (NESC) while han¬ 
dling practical situations that are often faced on the 
job. Work rules—Part 4 of the Code—are covered 
in great detail. Also highlighted are the precautions 
an employee should take In energized or unknown 
conditions, or near ungrounded metal parts. In ad¬ 
dition, the course covers the development and ap¬ 
plication of the Code, with special emphasis on 
grounding, clearances, and strengths and loadings. 


Key Issues encountered In the field will be dis¬ 
cussed. 

As the Secretariat of the committee that develops 
the NESC, the IEEE Is uniquely qualified to offer this 
course. The training program Is led by two experts 
In the field, who also serve as Chair and Co-Chair 
of the NESC committee. Space ih this training pro¬ 
gram is filling up quickly, so be sure to register early. 

Note: A free copy of the Code Is given to every 
participant In this program. 

For more information, call the Standards Si 
nar Manager (toll-free in Nerth America), 1-800-678- 
lEEE. Or CIRCLE # 93 on the Reader Service Card. 


To order a copy of the 1990 National Electrical Safety 
Code—also known as ANSI C2-1990—call or write 
to the IEEE Service Center, 445 Hoes Lane, Piscata¬ 
way, N.J. 08555-1331; 201-562-5549; fax, 
201-981-0072. 

List US $38.00 Member US $26.00 
Or CIRCLE # 94 on the Reader Service Card. 


MANAGING RISK 
In Large, Complex Systems 
A New SPECTRUM Compendium 
(TH0263-4) 

Member US $7.50 List US $15.00 

The special report is devoted to the analysis and 
management of risk in the design and operation of 
a large, complex engineering system-defined as 
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one that, If It malfunctioned, would jeopardize 
hundreds of millions or billions of dollars, human 
lives, or both. Such systems are becoming more 
common in engineering-witness the space station 
and the Strategic Defense Initiative—and they pre¬ 
sent a number of problems that are still Intractable 
sources of uncertainty. Nonetheless, the lessons 
learned from large projects are often applicable to 
systems of any size at all. 

Case studies of five large systems—the U.S. tele¬ 
phone system, aging commercial airliners, the 
Savannah River nuclear weapons plant, the U.S. 
space shuttle, and the Union Carbide pesticide plant 
in Bhopal, India—Include some famous disasters, 
which highlight design or management risks per¬ 
tinent to the building of any large system, and thus 
serve as valid lessons for electrical and electronics 
engineers as well. 

Each case study explores one or more crucial 
questions: How likely is this system to malfunction? 
What would be the consequences? How much risk 
is acceptable? How can risk be measured, reduced, 
and managed? And if human lives are at stake, how 
safe Is "safe enough"? 

For more information on how to order "MANAGiNG 
RiSK In Large, Complex Systems," CIRCLE#95on 
the Reader Service Card. 


IEEE Dictionary 

Electrical And Electronics Terms 

Fourth Edition (SH12070) 

Member US S32. 50 List US $65.00 

ANSI/IEEE Std 100-1988, the Standard Dictionary 
of Electrical and Electronics Terms, defines 24,793 
technical words from every field of electrical, elec¬ 


tronics, and computer engineering. 

Definitions are arranged alphabetically and are 
supplemented with such helpful information as pre¬ 
ferred usage, variations in meaning among differ¬ 
ent specialties, cross-indexing to related works, and 
code numbers that identify the source of the defi¬ 
nition. You'll also find the field of application for each 
entry. In addition, many definitions contain explana¬ 
tory notes that pinpoint specific problems or appli¬ 
cations. Although U.S. usage is stressed, recom¬ 
mendations of the International Electrotechnical 
Commission have been adopted in many cases. 

The definitions are officially approved by the IEEE 
and the American National Standards Institute 
(ANSI). The fourth edition also defines over 15,000 
acronyms—the largest and most nearly complete 
list of acronyms used In electrical and electronics 
science, business and industry, government, and 
the military. 

This thorough compilation Is an indispensable 
reference for all electrical and electronics engineers, 
technicians, teachers, and students—and also for 
technical editors, writers, and publishers. 

To order and for more Information, CIRCLE #96 
on the Reader Service Card. 


lEEE-USA Education 
Videotape: 

“A Passport To Opportunity” 

A 30-minute videotape, titled “A Passport to Oppor¬ 
tunity," stresses: ‘‘We must all take responsibili¬ 
ty for our children’s education.” Specific actions 
to improve education are presented to government, 
employers, state and local school districts, colleges 
and universities, teachers, schools, and parents. 


Recently aired nationwide on The Learning Chan¬ 
nel, the tape was prepared and developed by IEEE- 
United States Activities. It was created by Dr. 
Lawrence P. Grayson, a member of the lEEE-USA 
Precollege Education Committee, In cooperation with 
The Learning Channel and an lEEE-USA Advisory 
Committee made up of Dr. Richard J. Gowen, Dr. 
Bruno D. Weinschel, Mr. Gerald W. Gordon, and Mr. 
J. Barry Cakes. The tape was introduced at the 
"Strategies for Change" conference sponsored by 
the National Initiative for Science and Technology 
Education and spearheaded by the American Med¬ 
ical Association, with the backing of the IEEE and 
six other professional organizations. 

For Information on how to obtain a copy of “A Pass¬ 
port to Opportunity,” CIRCLE # 99 on the Reader 
Service Card. 


Strategies for 

Improving Precoiiege Education 
New lEEE-USA Brochure 

A new eight-panel brochure, companion piece to the 
lEEE-USA videotape "A Passport to Opportunity," 
describes briefly the current status of mathemat¬ 
ics and science education in the United States, then 
outlines ways in which science and engineering 
professionals and the general public can support 
efforts to improve the situation. The brochure was 
prepared by the lEEE-USA Precollege Education 
Committee for distribution to IEEE members and 
others. 

To Obtain a copy of the brochure, CIRCLE # 98 on 
the Reader Service Card. 
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son with qualifications is sought with leadership 
ability, national recognition, experience in teach¬ 
ing and research, and administrative skills. Le¬ 
high is a north-eastern hub university, located 
in eastern Pennsylvania a short distance from 
New York City, Philadelphia and the Pocono 
Mountains. The chairperson position will be 
available at the start of the 1991-92 academic 
year and applications/nominations are request¬ 
ed (Include resume and names/addresses of 
three references). Send correspondence to Prof. 
Marvin White, Chairperson CSEE Search Com¬ 
mittee, Sherman Fairchild Center #161, Bethle¬ 
hem, PA 18015. Lehigh University is an Equal 
Opportunity/Affirmative Action Employer. 

Douglas Strain Endowed Professorship and 
Head, Department of Applied Physics and Elec¬ 
trical Engineering, Oregon Graduate Institute of 
Science and Technology (OGI). The successful 
applicant must be a distinguished scientist 
who has attained International recognition In 
the broad area of semiconductor electronics, 
who has achieved a high level of research spon¬ 
sorship for a sustained period, and who has a 
strong commitment to excellence in graduate 
education. Specific research areas within semi¬ 
conductor electronics are open (e.g., semicon¬ 
ductor materials and device physics, device and 
circuit processing, etc.), and primary emphasis 
will be placed on the overall excellence of the 
candidate. Individuals who can lead a major 
strengthening of the electrical engineering pro¬ 
gram of the department will receive preference. 
As a private, graduate-only institution, OGI is 
committed to graduate education and research 
of the highest quality. It offers M.S. and Ph.D. 
programs in five interdisciplinary academic 
departments dealings with the physical, chem¬ 
ical, biological, computational, and engineer¬ 
ing sciences. OGI is located in the Portland 
metropolitan area with easy access to the many 
cultural and recreational opportunities which 
the Pacific Northwest affords. Nominations, ap¬ 
plications (with complete CV), or request for fur¬ 
ther information should be sent to Dr. James J. 
Huntzicker, Provost, Oregon Graduate Institute, 
19600 N.W. von Neuman Dr., Beaverton, OR 
97006-1999. OGI is an Affirmative Action/Equal 
Opportunity Employer. 

Penn State Kirby Chair Electrical and Computer 
Engineering. Appllcations/nomlnatlons are in¬ 
vited for the endowed Kirby Chair of Electrical 
and Computer Engineering at The Pennsylvania 
State University, available Spring or Fall Semes¬ 
ter, 1991. This Chair honors Mr. Robert E. Kirby, 
retired board chairman and chief executive of¬ 
ficer of Westinghouse Electric Corporation. The 
Chair, endowed at a level of $1,000,000 is joint 
gift from Mr. Kirby and the Westinghouse Foun¬ 
dation. Candidates should hold a Ph.D. degree 
in Electrical/Computer Engineering or a relat¬ 
ed discipline, have outstanding accomplish¬ 
ments, a capability of establishing a strong re¬ 
search program, and a desire to teach at both 
the undergraduate and graduate levels. The 
Department of Electrical and Computer En¬ 
gineering at Penn State currently has over 50 
faculty, 800 junior and senior level students and 
280 graduate students. Funded research is be¬ 
ing conducted in many areas, including: Elec¬ 
tromagnetics; Electro-Optics; Signal Process¬ 
ing; Computer Hardware, Software and Applica¬ 
tions; Power; Electronic Materials and Process¬ 
ing; Communications; Control and Robotics. 
The Kirby Chair position is open to qualified 
candidates in all areas of Electrical and Com¬ 
puter Engineering. Please send resume and 
cover letter, with names, addresses and phone 
numbers of at least three references to: Faculty 
Recruiting Committee, Department of Electrical 
and Computer Engineering, Box lEEE-K, 129 EE 
East, The Pennsylvania State University, Univer¬ 
sity Park, PA 16802. Applications received by 
December 31,1990 will be assured of consider¬ 
ation. However, applications will be considered 
until position are filled. An Affirmative Action/ 
Equal Opportunity Employer Women and 
Minorities Encouraged to Apply. 


Penn State Faculty Positions Electrical and 
Computer Engineering. Applications are invit¬ 
ed for several tenure-track faculty positions in 
the Department of Eelectrioal and Computer 
Engineering at The Pennsylvania State Univer¬ 
sity, to begin Fall Semester, 1991. Candidates 
should have a Ph.D. in Electrical/Computer En¬ 
gineering or a related discipline, ability to estab¬ 
lish a strong research program, and a desire to 
teach at both the undergraduate and graduate 
levels. Although candidates in all areas will be 
considered, the following areas will receive pri- 
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orify consideration: Computer Engineering, 
Electromagnetics, Electro-optics, Semiconduc¬ 
tor/Electronic Materials Processing and Power 
Systems. The Department of Electrical and 
Computer Engineering at Penn State currently 
has over 50 faculty, 800 junior and senior level 
students, and 280 graduate students. Funded 
research is being conducted in many areas. In¬ 
cluding: Electromagnetics: Electro-optics; Sig¬ 
nal Processing; Computer Hardware, Software 
and Applications; Power; Electronic Materials 
and Processing; Communications; Control and 
Robotics. Please send resumes and cover let¬ 
ters, with names, addresses and phone num¬ 
bers of at least three reference to: Faculty 
Recruiting Committee, Department of Electrical 
And Computer Engineering, Box lEEE-F, 129 EE 
East, The Pennsylvania State University, Univer¬ 
sity Park, PA 16802. Applications received by 
December 31,1990 will be assured of consider¬ 
ation. However, applications will be considered 
until positions are tilled. An Affirmative Action/ 
Equal Opportunity Employer Women and 
Minorities encouraged to Apply. 


Government/Industry 

Positions Open 


Department of Electrical and Computer En¬ 
gineering at The Pennsylvania State University 
available Spring or Fall Semester, 1991. Candi¬ 
dates should have a Ph.D. In Electrical/Com¬ 
puter Engineering or a related discipline, an es¬ 
tablished reputation in Computer Engineering, 
strong leadership qualities, and ability to at¬ 
tract research funding. It is anticipated that the 
position will be a the rank of Full Professor with 
tenure. The Department of Electrical and Com¬ 
puter engineering at Penn State currently has 
over 50 faculty, 800 junior and senior level stu¬ 
dents, and 280 graduate students. The Compute 
Engineering Program Is within the Department 
of Electrical and Computer Engineering. About 
12 faculty members, 100 junior and senior level 
students, and 50 graduate students belong to 
this program, which awards B.S., M.S. and Ph.D. 
degrees in Computer Engineering. Research ac¬ 
tivities currently exist in Parallel and Distribut¬ 
ed Processing, Interconnection Networks, Fault 
Tolerant Computing, Image Processing and 
Compute Vision Database Systems, VLSI, and 
Computer Communication. Applications 
received by December 31,1990 will be assured 
of consideration. However, applications will be 
considered until positions are filled. Please 
send resume and cover letter, with names, ad¬ 
dresses and phone numbers of at least three 
references to: Faculty Recruiting Committee, 
Department of Electrical and Computer En¬ 
gineering, Box lEEE-D, 129 EE East, the Pennsyl¬ 
vania State University, University Park, PA 
16802. An Affirmative Action/Equal Opportuni¬ 
ty Employer Women and Minorities Encouraged 
to Apply. 

University of Notre Dame—Chairperson, 
Department of Computer Science and En¬ 
gineering. The University of Notre Dame Invites 
applications for the Chair of the recently estab- 
Mshed Department of Computer Science and 


initiation and growth of programs In this depart¬ 
ment. Persons with established records in edu¬ 
cation and scholarship who would welcome the 
challenge of developing a new department and 
its programs are encouraged to apply. The 
faculty of the department is expected to deter¬ 
mine the curricula leading to graduate and un¬ 
dergraduate degrees in computer science and 
in computer engineering. The Department of 
Computer Science and Engineering has twelve 
tenure-track faculty positions. The Department 
of Electrical Engineering and its present gradu¬ 
ate and undergraduate options of emphasis In 
computer engineering are expected to provide 
the foundation for the programs in the new 
department. It Is anticipated the Department of 
Computer Science and Engineering will have 
close cooperative ties with the Department of 
Electrical Engineering, Department of 
Mathematics, and other academic units. Quali¬ 
fied applicants are encourage to submit a re¬ 
sume and letter of interest to: Dr. Panos J. Ant- 
saklis. Department of Electrical Engineering, 
University of Notre Dame, Notre Dame, IN 
46556. For additional information, please con¬ 
tact the Dean’s office at (219) 239-5534. The 
University of Notre Dame invites applications 
from all qualified persons without regard to sex, 
ethnic origin, religious preference or physical 
impairment. 


- i A/E office. Qualified in_ 

degree and 3-4 yrs. of progressive experience In 
the comprehensive design of power distribution 
and lighting systems associated with commer¬ 
cial and institutional projects; but, we will also 
consider a non-degreed person with 5-7 yrs. 
similar experience. Ability to assume key proj¬ 
ect respon. and communicate effectively Is also 
essential. Firm offers excellent compensation 
and long term future in a stable environment 
and attractive living community. Please contact 
our reps in confidence at: G. Marshal Assoc.— 
P.Q. Box 66083—Chicago. IL 60666. 

Facilities & CIM Control Engineer for manufac¬ 
turing firm in central Qhio. Develop, design and 
implement state of the art control strategies in 
area of power, specifically medium, low, & high 
voltage power & lighting systems conforming 
to NEC, transformers, motors, motor control 
centers, grounding, short circuit and voltage 
drop studies, ground fault and overourrentpro- 
tection, as well as in the area of Computer Con¬ 
trol & Instrumentation, specifically develop¬ 
ment of expert systems & application software 
for factory floor manufacturing & management 
systems utilizing CIM (Computer Integrated 
Manufacturing) & MAP (Manufacturing Auto¬ 
mation Protocol); control logic for PLCs; CAD 
drawings; PID Loops & Instrumentation tech¬ 
niques in coffee extraction process. Prepare ap¬ 
plications for expenditure & control of project 
budgets. Supervise installation & start-up, coor¬ 
dinating outside contractors & in-plant electri¬ 
cians. Must have M.S. In EE, (Control Systems) 
and 2 yrs. exp. In above duties or 2 yrs. as Elect. 
Engin. - Power Instrumentation & Control Sys¬ 
tems. Prior exp. must Include 1 yr. programming 
Allen Bradley & Texas Instruments Programma¬ 
ble Logic Controllers. Must have applied short- 
circuit analysis (thru educ. or exp.) & written pro¬ 
grams in FQRTAN, COBOL & PASCAL, (thru 
educ. or exp.) Two yrs. exp. must also include in¬ 
stalling systems conforming to NEC, 1 yr. exp. 
using Computer Assisted Design techniques & 
1 yr. exp. In coffee extraction process. Must 
have proof of legal authority to work permanent¬ 
ly in U.S. Mon.-Fri., 8a.m.-5p.m.; $45,000/yr. Send 
resume in duplicate (no calls) to J. Davies, J.O. 
#1260436 OH Bureau of Employment Services, 
P.O. Box 1618, Columbus, OH 43216. 

Manager, Project Management Development- 

Bachelor degree (or equivalent) In Control or 
Electrical Engineering, or in Computer Electron¬ 
ics and Electrical Engineering Technology and 
8 years of experience as Electric Utilities Con¬ 
trol Engineer or Manager, project management 
development; knowledge and experience In In- 
stalling/malntalning/operating SCADA sys¬ 
tems; computer fluency In communication 
mediums; duties Include management of all 
SCADA projects and supervision of quality con¬ 
trol and engineering activities; 40 hrs/wk; 
$45,000-$60,000 salary (“DOQ”). Contact Geor¬ 
gia Department of Labor at 1535 Atkinson Road, 
Lawrenceville, GA 30243, #GA 5441183. 

Engineer, Control Systems. Supervise design 
and engineering for digital and analog electron¬ 
ic systems. Oversee generation of wiring dia¬ 
grams, and design interconnecting cable sys¬ 
tems to marshaling panels, local control panels, 
or field devices. Design of analog control sig¬ 
nals to the Honeywell DCS system, and digital 
control signals as well as shut-down logic sig¬ 
nals to the PLC system. Generate DCS, PLC and 
SCADA functional and detailed speciricatlons. 
Utilize DBASE III Plus, Lotus and computer- 
aided instrument electrical system software. 
Reqs. a BS in Electronic/Eiectrical Engineering 
with a minimum of five years of supervisory- 
level employment In conceptual, basic and de¬ 
tail design engineering, scheduling, estimating, 
procurement, and start-up in instrumentation, 
control and SCADA systems. Exp. must include 
the specification, design and application en¬ 
gineering of aigorithms for proper DCS inter¬ 
face and operation, P&ID development of DCS 
based control system strategies, and documen¬ 
tation of complex control loops, and must in¬ 
clude application engineering for standard PLC 
systems. Specific knowledge of Honeywell TDC 
3000 DCS Is required, as well as the ability to 
develop the software configurations. Must be 
skilled in using DBASE III Pius and Lotus. Posi¬ 
tion based out of San Francisco, but subject to 
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substantial relocation throughout U.S. Present 
job site, Houston; next site undetermined. Must 
be willing to relocate.$4,835/month. Send copy 
of this ad with resume to Job #WS 18242, RO. 
Box 9560, Sacramento, CA 95823-0560, no later 
than 11/30/90, An equal opportunity, affirmative 
action employer. 


Programmer Analyst (Systems Engineer); Alba¬ 
ny, NY. Design & develop software interfaces to 
use factory automation system for monitoring 
manufacturing processes. Require M.Sc. Com¬ 
puter Science, fluency in C, graduate courses 
or master’s projects in operating systems, dis¬ 
tributed data bases, computer networks, com¬ 
puter graphics & X window technique; one year 
experience in software design for private indus¬ 
try including writing systems programs in a real¬ 
time distributed compuer environment. Use C, 
QNX, PC network. $30,000/yr M-F 9-6 overtime 
required. Submit resume in duplicate: NYS 
Department of Labor, C. Hartman/J. Kelley, 100 
Broad Street, Glens Falls, NY 12801. Refer to job 
order # NY0000799, D.O.T. code 012.167-066. 

Scientific Programmer—Position available to 
research power sytems technology and design 
state-of-the-art mathematical algorithms for 
computer systems that monitor and control 
transmission of electric power. Algorithms will 
perform network analysis functions which uti¬ 
lize the Transient Energy Function method, as 
applied to loaning of stressed power system. 
Will use Fortran and linear and sequential quad¬ 
ratic programming techniques to improve cal¬ 
culation of optimal power flow. Integrates com¬ 
puter programs into a large, multi-main frame 
computer system. Must have doctoral degree in 
electrical engineering, with research in use of 
computer applications to assess transient sta¬ 
bility of large scale stressed power systems us¬ 
ing the Transient Energy Function method. 
Must be familiar with development of computer 
applications using linear and sequential quad¬ 
ratic programming techniques. Position re¬ 
quires undergrad courses in Fortran on com¬ 
puters running Unix. Must have developed com¬ 
puter applications for large-scale power sys¬ 
tems at grad level, and thesis work in electric 
utility power systems. Must be U.S. citizen or 
permanent resident. Salary $3750/month. Send 
resume to: S. Springmeyer #0-198, Minnesota 
Department of Jobs & Training, 390 N. Robert 
St., Room 124, St. Paul, MN 55101. Affirmative 
Action Employer. 

Electronics Engineers—Washington, DC/Mary¬ 
land/Virginia. Engineering placement Leaders 
since 1973. Specializing in Product Develop¬ 
ment (Hardware & Software), Communications, 
Artificial Intelligence, Military Electronics, 
Computer Engineering and VLSI/ASIC. Direct 
resume to: JDG Associates Ltd., 1700 Research 
Blvd., Rockville, MD 20850 - (301) 340-2210. 


Engineer, Electronics. Research on semicon¬ 
ductor device testing & circuit evaluation; radi¬ 
ation damage & laser effects on devices & cir¬ 
cuits (including total dose effects & transient 
upset effects); perform reliability analysis & 
computer modeling of devices; provide com¬ 
puter software support (system maintenance, 
networking & developing X-window related & 
HP-IB based software). PhD. in EE + knowledge 
in device physics. Si & GaAs field effect transis¬ 
tors, radiation damage effect on devices & cir¬ 
cuits, modeling & characterization of sub¬ 
micron FET transistors (hetero-junction based 
on GaAs, unipolar device [MOSFET, MESFET, 
MODFET], microwave characterization of GaAs 
devices up to 20GHz), quantum mechanics, sol¬ 
id state electronics & circuit design, processing 
of Si & GaAs, deep-level characterization in 
semi-insulating material & devices, numerical 
analysis, simulation software (SPICE, PISCES, 
MINfMOS, SUPREM), FORTRAN, C PASCAL, 
BASIC w/i UNIX, VAX/VMS, HPIB, UNIX shell & 
window systems req’d. $3625.00/mo. Job site/in¬ 
terview: Sunnyvale, CA. Send ad with resume to 
Job #DC-16743, P.O. Box 9560, Sacramento, CA 
95823-0560,no later than 12/1/90. 


Scientific Programmer—Position available to 
research and design mathematical algorithms 
that perform large-scale electrical utility net¬ 
work steady state contingency analysis on real¬ 
time energy management computer systems. 
Will use FORTRAN to code algorithms and inte¬ 
grate into large, multi-main frame computer sys¬ 


tem. Must have masters degree in electrical en¬ 
gineering, with research in steady state contin¬ 
gency analysis functions of large-scale power 
systems and at least four years experience with 
either an electric uti lity or vendor of power sys¬ 
tems, as a scientific programmer developing in 
FORTRAN contingency analysis software on 
large-scale real-time power systems. Must be a 
U.S. citizen or permanent resident. Salary $3535/ 
month. Send resume to: S. Springmeyer #0-205, 
Minnesota Department of Jobs & Training, 390 
N. Robert St., Room 124, St. Paul, MN 55101. Af¬ 
firmative Action Employer. 

Engineering Physicist II. As Assistant Leader of 
the Electronic Group assigned to the develop¬ 
ment and construction of a very large high- 
energy physics detector, this position Is respon¬ 
sible for the specification, procurement, in¬ 
spection, Installation and commissioning of all 
cable, connectors and associated electronics 
which will provide power, control and data 
transmission to the detector and between the 
detector and experiment data acquisition sys¬ 
tems. Use of a P.C. for access to a data base of 
cable specifications, inventory and connection 
locations is required. This is a research position 
of 40 hours per week (8:30 a.m.—5:00 p.m.) and 
carries a salary of $45,400 p.a. As a minimum, 
applicants should possess a B.S. in Physics and 
demonstrate five years as a project leader in ca¬ 
ble system development/installation/commis¬ 
sioning. Resumes should be sent to: Illinois 
Department of Employment Security, 401 South 
State Street—3 South, Chicago. Illinois 60605, 
Attention: L. Donegan, Reference #1780-D, An 
Employer Paid Ad. 

The Air Force Flight Dynamics Laboratory and 
The Air Force Institute of Technology announce 
the 1991-1993 Flight Control Distinguished Visit¬ 
ing Professor Program. The Air Force Institute 
of Technology (AFIT) at Wright-Patterson Air 
Force Base, Dayton, Ohio announces the oppor¬ 
tunity to join the AFIT graduate faculty as a Dis¬ 
tinguished Visiting Professor in the Department 
of Electrical and Computer Engineering in the 
School of Engineering. Responsibilities—The 
responsibilities of the AFIT Distinguished Visit¬ 
ing Professor include providing academic 
leadership in teaching and research in associ¬ 
ation with AFIT faculty and students, and in¬ 
itiating and conducting research and consulta¬ 
tion with the Flight Dynamics Laboratory, Air 
Force Wright Researcn and Development Cen¬ 
ter. Qualifications—The person appointed as 
Distinguished Visiting Professor should be an 
eminent faculty member at a prestigious univer¬ 
sity. Selection will be based upon the individu¬ 
al’s experience, proposed teaching program 
and research areas. Areas of special interest 
and activity at AFIT are: Flight Control Systems, 
Control Systems for Reconfigurable Aircraft, 
Design of Robust Multivariable Control Sys¬ 
tems, Quantitative Feedback Theory Design, 
Output Digital Feedback Design Technique for 
Multivariable Tracking Systems, H Control The¬ 
ory, and Adaptive Control and Estimation. Ap¬ 
plicants are expected to have a Ph.D. and be a 
professional contributor in the area of flight 
control. Consideration will be given to appli¬ 
cants who have extensive flight control ex¬ 
perience within industry and government. Re¬ 
search Support—Two powerful hybrid com¬ 
puters (EAI SIMSTARS) are the heart of AFIT’s 
flight control laboratory. A high fidelity, full 
flight envelope, real-time aircraft simulator Is 
developed for academic and research use. Over¬ 
all, AFIT’s computer resources equal or exceed 
those found at other universities. An office, 
laboratory, the use of modern computers, and 
other service support will be provided for the 
visiting professor and may include support for 
a limited number of the visiting professor’s doc¬ 
toral students. Period of Appointment and 
Salary—The initial period of appointment is for 
one full year. A shorter period and the starting 
date are negotiable, but should be prior to Oc¬ 
tober 1,1991. Extension for a second year may 
be possible. Salary is commensurate with 
qualifications. A per diem allowance is also 
paid. Application—A resume of qualifications 
and experience, including a list of significant 
publications and any need for support of Ph.D. 
students can be submitted anytime prior to 
March 31,1991 to: Dr. Charles J. Bridgmen, As¬ 
sociate Dean for Research, School of Engineer¬ 
ing (AFIT/ENR), Air Force Institute of Technolo¬ 
gy, Wright-Patterson AFB OH 45433-6583, 


Phone: (513) 255-3633. The Flight Control Distin¬ 
guished Visiting Professor Program is made 
possible through a grant from the Air Force 
Wright Research and Development Center’s 
Flight Dynamics Laboratory. AFIT is an Equal 
Opportunity and Affirmative Action Employer. 


Engineer, Electro/Optical: Support on-going 
contracts; dev. code & techniques for specific 
products; dev. software & algorithm tor NDE 
technolomes; R&D new techniques for ad¬ 
vanced NDE inspection systems; dev. data anal¬ 
ysis & code for X-ray computed tomography & 
digital radiography systems. PhD in EE + 
knowledge in signal & image processing & 
reconstruction algorithms; numerical tech¬ 
niques for inverse problems & applications to 
computerized tomography req’d. Must also 
know C. Fortran on VAX/VMS & workstations on 
UNIX. $4043/mo. 40 hrs./wk. Job site/interview: 
Sunnyvale, CA. Send ad with resume to Job # 
BLW18265, P.O. Box 9560, Sacramento, CA 
10 later than November 15,1990. 


Help Wanted: System Software Engineer, Data 
Access Business Unit Testing Group. By De¬ 
cember 1st please send resume to; Employment 
Security Department, ES Division, ATT: Job # 
230081, Olympia, Washington 98504. Job 
Description: Designs, Implements and tests 
complex and high level systems software for 
micro computers. Works with other engineers 
to coordinate and Implement testing and 
debugging of BASIC language products utiliz¬ 
ing MS-DOS and OS/2 and LAN Man operating 
systems, and Basic, “C” and 8086 Assembler 
Series languages. Responsible for testing the 
Basic Compiler, debugger and development en¬ 
vironment and establishing, analyzing and Im¬ 
proving quality control procedures for language 
products. Assumes major project responsibili¬ 
ty including: 1) requirements and analysis of 
project specifications; 2) product design; and 
3) implementation schedules. Requirements: 
B.A. or B.S. in Electrical Engineering, Computer 
Science, Mathematics or Physics. Six months 
work experience designing and testing compil¬ 
ers, debuggers and development tools and es¬ 
tablishing and analyzing quality control proce¬ 
dures for language products; and In computer 
design or programming utilizing MS-DOS, mul¬ 
titasking and networking operating systems 
and Basic, “C” and 8086 assembler series lan¬ 
guages. Must have proof of legal authority to 
work in the United States. Job location: Red¬ 
mond, Washington. Salary Range: $29,000- 
34,000 per annum, depending on experience. 40 
hours per week, flex time. EOE. 


Instrument/Electrical Maintenance Engineer II. 

Will plan and direct the preventive maintenance 
program to insure the timely upkeep of all elec¬ 
trical, electronic and pneumatic equipment in 
the plant. Will conduct infrared scanning, trans¬ 
former oil testing, calibration of high voltage re¬ 
lays and medium voltage circuit breakers, trip 
testing of Inverters, load checks on back-up bat¬ 
tery banks, visual and aural Inspection of mo¬ 
tor control centers, motors and transformers, 
and annual calibration of shut-down switches 
on all compressors and turbines. Will direct and 
assist technicians In locating the cause of 
equipment failure and assist as necessary to ef¬ 
fect repairs. Will perform engineering design 
work for new installations or improvements to 
existing facilities. Will prepare equipment 
specifications and provide assistance to Pur¬ 
chasing Department in securing required equip¬ 
ment and materials. Requirements: B.S. In Elec¬ 
trical Engineering. Two years experience as In¬ 
strument/Electrical Maintenance Engineer I or 
equivalent. Two years experience in main¬ 
tenance, calibration and repair of gas chro- 
matrograph (all experience may be obtained 
concurrently). $38,000/year; 8 A.M. to 5:00 P.M. 
(hours may vary upon demand); 40 Hr/week. 
Contact LA Office of Employment Security, Job 
order 472735, 1028 Enterprise Blvd., Lake 
Charles, LA 70602. 


Engineer/Technology Consultant. Responsible 
for applied research for broadband metropoli¬ 
tan area network (MAN) and high speed data 
service on topics such as: analysis and assess¬ 
ment of laboratory model of MAN, R&D re voice/ 
data/video services on prototype MANS, R&D re 
performance criteria and performance monitor 
of MANS, and interconnection of MANs, local 
area networks (LANs) and other high speed net¬ 
works. Other responsibilities are to influence 
Bellcore and university research and standards 
process through technical contributions. Mini¬ 
mum requirements: Ph.D. or equiv. in Electrical 
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Engineering, 3 yrs in position offered or 3 yrs in 
fieid of eiectrioai engineering which must in¬ 
clude at least 2 yrs research experience in de¬ 
velopment/analysis of LAN, MAN or broadband 
network technology and experience in design/ 
analysis of computer communications net¬ 
works and experience In design/analysis of 
voice/data/video services. Salary: $4500/mo. Job 
Site: San Ramon, CA. Send this ad and your re 
sume to Job #CC 18536, P.O. Box 9560 
Sacramento, CA 95823-0560, no later thar 
November 30, 1990. 


Elect. Engr: Engin’g/design of electrical con¬ 
trols for handling heating/cooling of fluids. Req: 
MS-EE + 4 yrs exp. Spec Req: 2 yrs exp of each 
of fol (may be concurrent): 1) Handling fluids 
through electrical controls; 2) App., mod. & de¬ 
sign of electronically-based liq. control in¬ 
strumentation; 3) detoxification of liq. medi¬ 
ums; 4) repair/design of Sol. State controls 
down to broad level; & 5) drafting. Sal: $41,500/ 
yr. Resume to: L. Cheetham (#0-208), MDJT, 390 
N Robert St—Rm 124, St. Paul MN 55101. 

Engineering Project Manager needed to fill 
ground-level opportunity in Silicon Valley start¬ 
up. Job includes managerial, P&L, and techni¬ 
cal responsibility for design, construction, test¬ 
ing, and customer acceptance of large special 
purpose digital signal processing systems. 
Responsibilities include: customer/subcontrac¬ 
tor interfacing, including specifications gener¬ 
ation and updating; schedule/budget genera¬ 
tion and tracking; supervision of hardware/soft¬ 
ware design team; supervision of system in¬ 
tegration, factory testing, and field installation; 
supervJsion/creation of full design documenta¬ 
tion and installation/operation manuals; and 
customer and sales rep. training. Require¬ 
ments: degree in EE, Masters preferred; 5 years 
managerial experience; excellent Verbal and 
Written skills; DSP background; CAD system ex¬ 
perience (schematic capture, simulation, PCB 
layout). Salary: $50,000-70,000/year -i- Benefits. 
Generous stock plan included. Expect to work 
more than 40 hours per week. Resume to: Sili¬ 
con Engines Inc., 955 Commercial Street, Palo 
Alto, CA 94303. 

Elec. Eng (2 pos) Duties: Design/ dev. new 
microproc.-based s/w-driven electronics secu¬ 
rity & auto phone report systems; support exist¬ 
ing product designs by modification, custom 
design/support; assist/manage product dev. 
projects. Min. Qual: MSEE or BSEE w/3 yrs ex- 
per. in electronics design, & a course or 3 mos. 
concurrent exper. In each of: Assembler lan¬ 
guage; C; passive/active/digital filters design; 
project mgmt. & telephone network interface. 
$2,872/mo. 40 hrs/wk. Resume to Mr. Cheetham, 
0-179, Minn. Jobs/Training, 390 N Robert, 1/F, St. 
Paul, MN 55101. 



PETROLEUM & MINERALS 
DHAHRAN 31261, SAUDI ARABIA 


SYSTEMS ENGINEERING DEPARTMENT 


PRESENTLY, THE DEPARTMENT OF SYSTEMS ENGINEERING HAS 
VACANCIES FOR THE ACADEMIC YEAR 1991-92, 
STARTING SEPTEMBER 1, 1991. 

CANDIDATES ARE REQUIRED TO HAVE A PH. D. DEGREE WITH A 
STRONG COMMITMENT TO RESEARCH AND TEACHING IN: 


SYSTEMS AND CONTROL 
COMPUTER CONTROL AND PROCESS CONTROL 
COMPUTER AIDED DESIGN OF CONTROL SYSTEMS 
ROBOTICS AND AUTOMATION AND 
MICROPROCESSOR BASED SYSTEMS 


FACULTY HAVE ACCESS TO AN EXTENSIVE LIBRARY, COMPUTING AND 
LABORATORY FACILITIES INCLUDING IBM 3090, AMDAHL 5850, 
MICROVAX II, GRAPHICS FACILITIES, DISTRIBUTED COMPUTER CON¬ 
TROL FACILITIES INCLUDING TDC-3000 & FOXBORO SPECTRUM, & 
AUTODYNAMICS SIMULATION SYSTEM. 


KFUPM offers attractive salaries commensurate with qualifications and 
experience, and benefits that include free furnished airconditioned accommo¬ 
dation on campus, yearly repatriation tickets, ten months duty each year with 
two months vacation salary. Minimum regular contract for two years, 
renewable. 


Interested applicants are requested to send their Curricuium Vitae with support¬ 
ing information not later than one month from the date of this publication, to: 

DEAN OF FACULTY AND PERSONNEL AFFAIRS 
KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 
DEPT NO. 9066 

DHAHRAN 31261, SAUDI ARABIA 


POSTDOCTORAL POSITION 
IN THE 

MICROWAVE TECHNOLOGY BRANCH 
NAVAL RESEARCH LABORATORY 


The Microwave Technology Branch of the Electronics Science and 
Technology Division invites applications for a postdoctoral position in 
the area of heterojunction bipolar transistor structures. Candidates with 
experience and interest in (1) the physics, chemistry or metallurgy of 
heterojunction structures or (2) microwave semiconductor devices are 
encouraged to apply. The successful candidate will be expected to 
carry out an experimental research effort involving fabrication and 
analysis of a broad range of heterojunction structures. Stipends start at 
$34,000 per annum. Appointments are for one year, but are frequently 
renewed for a second year. Successful candidates are expected to 
assume duties at the Naval Research Laboratory within the January- 
February 1991 time frame. 


Government/Industry 
Positions Wanted 

Sr. System Engineer (41) (BSc, MSc), 20 years ex¬ 
perience in machine vision, image processing, 
signai processing: aigorithm deveiopmenl, real¬ 
time implementation for TV, FLIR, Radar, Medi¬ 
cal applications. Seeks challenging position in 
product development; especially with small- 
medium companies. U.S. citizen, currently lo¬ 
cated overseas. Will be in U.S. Nov 1-23. 24075 
Wildbrook Ct., Southfield, Mi., 48035. 


Inquires may be directed to: 



Naval Research Laboratory 

Dr. Kenneth J. Sieger 
AHN: Code 6852 (IS) 

4555 Overlook Ave., S.W. 
Washington, DC 20375-5000 
Phone: (202) 767-3894 


AN EQUAL OPPORTUNITY EMPLOYER • U.S. CITIZENSHIP REQUIRED 


CLASSIFIED ADVERTISING 
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T. Bradley Bow 
Farragut,TN 
Motorola GEG 


Kennedy J. Brown 
San Jose, CA 
Honeyrvell lACD 


Monty 1. Carson 


David J. Chavez 
Albuquerque, \M 
Honeywell CFSG 


Dwight J. Cook 

Rochester, N'Y 
Honeywell lACD 


William A. Crossley 
Cincinnati, OH 
MDHC 


Honeywell lACD 


Michael C. M( 
Chicago, IL 
Motorola SPS 


Christopher j, 
Phoenix, AZ 


Mayra G. Peterman 
Ponce, Puerto Rico 
MDHC 


David M. Ranney 
Oklahoma City, OK 
Motorola SB 


Stephen J. SIrazdus 


Glen A. Reece 


Honeywell lACD 


Douglas L Stahl 
Blaine, MN 


H. Keathley Reynolds 
Portsmouth, VA 
Honeywell CFSG 


Megan E. Schneider 
LakeOsweM),OR 
Motorola GEG 


James E. Taggart 
Abilene, TX 
Honeywell lACD 


Rafael Rios 

Guayama, Pue 


Sheila R. Voth 
Mesa,AZ 
Motorola GEG 


Charles R. Tolle 
North Ogden, UT 
Honeywell CFSG 


Brian K. Williamson 
Johnstown, OH 
Motorola GEG 


Follow The Leaders. 


Meet some future industry leaders of America. Our 1990 ASU Industrial 
Fellows Program participants, U.S. citizens all, were selected in national 
competition. Each winner will receive over $45,000 in salaries, awards, 
and benefits while pursuing a master’s degree in electrical, industrial, 
or mechanical engineering, or computer science. This unique leadership 
program joins our top-ranked degree programs with leading edge work 
experience at one of the program sponsors’ facilities. Arizona State 
University vigorously pursues affirmative action and equal opportunity 


in its employment, activities, and programs. Tofind out how you canjoin 
us next year, call or write for more information. Come to Arizona. We’re 
looking for leaders. Applications are due December 31, 1990. 
Contact: ASU Industrial Fellows Program 

College of Engineering & Applied Sciences 
Arizona State University 
Tempe, Arizona 85287-7406 
(602)965-2276 FAX (602)965-2267 


Industrial Fellows Program 


Arizona State University 

Circle No: 30 
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PROFESSIONAL CONSULTING SERVICES 


1 In«r.inn OQn ADVERTISING RATES 

1 Insertion—$290 12 Insertions—$3120 

50% discount to IEEE members on three or more insertions. 

If you are an IEEE member, please enclose your membership number with the order. 
Copy cannot exceed 1-inch in depth. 

No product may be offered for sale. 

Advertising restricted to professional engineering and consulting services. 

No orders can be accepted by telephone; order and copy must be sent together. 

For any further information and closing dates please contact: 

Advertising Production Dept., 212-705-7579. 


1 THE CONSULTING GROUP | 

• RF, Microwave & Fiber Optic Systems 

• RF, Microwave Filters, Amplifier, 

Oscillator & Synthesizer/PLL Design. 

• Asynchronous, Synchronous Data 
Transmission, MODEM'S Concentrators, 

Nodes, WAN (X25, SNA) PBX, PAD 

71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 


0.0. R. inc 

OPTICS • COATING • RESEARCH 

• OPTO-MECHANICAL ENGINEERING 

• INFRARED SYSTEM ANALYSIS 

• FLIR DESIGN & TEST 

• HEAD UP DISPLAYS 

• SPECTRDSCOPIC INSTRUMENTS 

• OPTICAL DESIGN & TEST 

Marvin Hutt (2D1) 337-3155 

107 MANITO AVE, OAKLAND, N.J. 07436 


Analog/Microprocessor Application Software 

Circuits/Instruments Assembly to 4GL 

PRODUCT DESIGNS 

Systems—Hardware & Software 

Frank Bosso, P.E. 

5 Frandon Drive Bus, (203) 792-8894 

Danbury, CT 06811 Home (203) 744-3437 



RF/Analog Circuit Design 

• Communications Equipment Design 

• Synthesizers/Phase Lxicked Loops 

• ActIve/PassIve/RF Filters 

• Analog Signal Processing 

• Audio Processing Circuits 

RLM Research Steven L. Maddy 

Boulder, CO 80307 Tel: 303/499-7566 FAX: 303/499.0877 


NOISE, TRANSIENTS AND INTERFERENCE 

• FCC, VDE, EMC/EMI 

• Susceptibility, ESD, RF, Transients, Lightning 

• Testing & Retrofit for Product Enhancement 

• UL, VDE, CSA, Other Safety-Related Specs 

• Noise-Immune Designs and Prototypes 

• FCC Compliance Training & Retrofits 

1 KC • Ph.a,"vp En^r*""" 

C0RP0B4TI0N 6609 6Sth St. North 
(813) 544-2594 PInallis Park, FL 34666 


Roben J. Abend, P.E. 

Electronics Consultant 

Hardware & Software Design-Neural Nets 
Optical Pattern Recognition-ATE Design 

1265 Palmdale Circle Telephone & FAX 

Palm Bay, FL 32905 (407) 952-2216 




RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmental Impact 

• Simulations of Fieids & Phenomena 
Jeremy K. Raines, Ph.D., RE. 

President (301) 279-2972 


Infolytica Corp. (514) 849-8752 

Expert electromagnetics design & analysis 
using MagNet 20 and 30 FEA software. 

• motors a magnetizing fixtures 

• transformers • recording heads 

• acfuators • NMR applications 

• ievitators • magnetic bearings 

• CRT design • etc... 

1140 UeMaisoaneme, Suite 1160 Montreal, Canada, H3A IMS 


Microcircuit 
Designs, inc. 

Specialized 1C Development 

INSTRUCTION PROCESSORS 

2951 Advance Ln, P.O. Box 566, Colmar, PA 18915 
215-997-2994 FAX 215-822-6697 




CONTROL SYSTEM CONSULTING 

• Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industriai experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 


INDUSTRIAL CONTROLS 

Custom Microprocessor Based Controls 

• Machine Tool Controls • Punch Press Controls 

• Process Controls a prototype Production 

• Motorola 68xx, 68xxx Systems 

Wintriss Engineering Vic Wintriss, MSEE 

254 Sunset Drive 30 Years Experience 

Encinitas, CA 92024 Phone (619) 436-8889 


Hardware and Software Developmenf Services 

• Specialize in developing microprocessor/FPGA based 
product/systems & embedded software development, 

• Analog, video, RF, & digital circuit design facilities. 

• Can help with part of or handle the entire project, 

• Full microprocessor development systems, I'ICE, CAD/ 
CAM, & PCS layout system. 

• Development for Multibus, VME, PC, MCA, LAN & STD. 

Applied Computer Techniques, Inc., Orlando, FL 
(407) 851-2525 Incorporated 1978 




RESEARCH AND DEVELOPMENT ELECTRONICS 

• Specializing in medical product development 

• Ultrasonic Doppler and imaging 

• Low noise wideband amplifiers 

• Analog and digital signal processing 

• Laboratory and prototyping facilities 

For further Information contact: 

Steve M. Gehibach, Ph.D, President 

Kasa Coipoiation 4701 Patrick Henry Drive ffIBOt 
(406) 748-1814 Santa Clara, CA 95054 


Charles E. Mullett, RE. Karl B. Keller 

MULLETT ASSOCIATES, INC. 

THE POWER SUPPLY DESIGN EXPERTS 

Specializing in switching power supply design 
and prototypes • Design reviews • Product 
testing and evaluation • Magnetics design 
• Mag amp regulators, etc. 

Let us help you! 

5301 Beethoven St., Los Angeles, CA 90066 
(213) 306-4075 


GOSIP MAP DECnet 

• Broadband & Fiber Optic LANs 

• Systems Design & Integration 

• Courses & Technology Reports 

SHIP STAR Associates 

Bob Crowder, President 

36 Woodhill Dr., Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 

FIELDBUS NMgt. MMS 



IRA J. PITEL, Ph.D 

Consulting, Research and Development 

In Power Electronics and Magnetics 

fewer Supplies, inverters. Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 

MAGNA-POWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


LEONARD R. KAHN, RE. 

Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 


International Compliance Corporation 

Design, Test, & Consulting 

• FCC Certification/Verification 

• VDE, CISPR, VCCI (Japan) 

• "1992'' European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineer 

812 Office Park Circle (214) 221-7071 

Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 
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MICRO RESEARCH co., uc 
We are the top professional of 
• Microcomputer Based Product 


Please Contact: 

4111-15 H.K. Plaza 
369 Des Voeux Rd, 
West, Hong Kong 


(852) 858-2693 


• Hardware/Software development 

• Semi-custom 1C development ! 

-mu, ASIC, ROM, Voice /Sound/ (j'gg) gsg-gogi 

Melody 1C leiex! 

• End Product development 74773 MICOR HX 


FRANCIS ZELESKV, PE, CSP 
CERTIFIED SAFETY PROFESSIONAL 

SYSTEM SAFETY 
RELIABILITY ENGINEERING 

• COMPLETE PROGRAM AND TEST PLANS 

• ANALYSIS AND ASSESSMENT REPORTS 

• TRAINING/PROPOSALS/SPECIFICATIONS 

2308 WHITEHALL DRIVE-WINTER PARK, FLORIDA 32792 


Research, Design, and Development 
Usile M. Orloff, Ph.D. 

Consulting In Electronics 

ASIC Development-Full Custom, Standard Cell, PLA, Gate 
Array-Digital/Analog/Microprocessor based. 

Solid State Electronic Design and Development meeting 
environmental, EOS/ESD, EMI, and RFI requirements. 


C, & Assembly Lang. Programming. 


6 Roughriders Ct., Huntington, NY 11743 
(516) 692-6329 


Richard W. Brounley, P.E. 

RF ENGINEERING CONSULTANT 
Specializing in the design of solid state 
RF transmitters and associated circuits 
★ Complete RF laboratory facilities ★ Prototype 
development ★ Pilot production runs 
★ Production follow-up 
10341 Nicaron Court, Largo, FL 34648 
_ 813-393-8177 _ 


INTEGRATED OPTICAL CIRCUIT CONSULTANTS 

Consulting, Contract R&D, and Pt , 
Integrated, Fiber, and Guided-\/\^ve Oi 
• Applications Engine 
• Design, Fabrication and I 
• Critical Analysis of Tec 
• Troubleshooting 

R.A. Becker, D. Sc, ^ 

President 1041 

(408) 446-9812 


Patent Attorney 

Electronics - Signal Processing 

I. lonescu, MSEE, PE, JD 
Patent Office Reg # 33185 
203-381-9400 

Box 697, Stratford, CT 06497 


Research Engineers 
& Scientists 

Digital Signal Processing 

The Environmental Research Institute of Michigan (ERIM), a growing, ieading- 
edge, research and development organization with headquarters in Ann Arbor, MI, 
has newly created opportunities for a select group of talented Research Engineers 
and Scientists for the following areas: 

Systems: 

- Digital signal processing - Documentation specialist 

- Kalman filtering - Computer systems manager 

- Motion compensation/ (networked SUN environment) 

navigation systems 

Software: 


embedded systems 
systems engineering/ 
lodellng 


llE^tSs,%DC, X 
D-2167A environn 


ind interface technolo^, digital 
Previous experience with U.S. Government pr 
in Computer Science, Electrical Engineering 
You’ll receive an excellent salary with outstanding bt 
For prompt consideration, please forward your resume 
ERIM, Box 8618, Ann Aihor, MI 48107-8618; or 
BlvcL, Suite 340, Los Angeles, CA 90045 - Attm Hi 
IE/11. An Equal Opportunity Employer. U.S. 


®>ERIM 


At the Forefront of Sensor Technology 


EBI/SBI/ 

POLY 


USE YOUR “TICKETS” 
FOR FASTER 
CAREER GROWTH 

Put our 25+ years experience 
placing technical professionals to 
work for you. All fees paid. Nation¬ 
wide opportunities in Commun¬ 
ications, Defense, Intelligence, 
Computer, Satellites and Analyti¬ 
cal Sciences. If you earn over 
$32,000, we have a better, more 
rewarding job for you ... right 
now. U.S. citizenship and EBI/ 
SBI/POLY desirable. Call (301) 
231-9000 or send your resume in 
confidence to: Dept. EAI3EB. 

Or FAX to: (301) 770-9015. 


WALLACH 

associates, inc. 





MANUFACTURING, HARDWARE 
& SOFTWARE ENGINEERING 


1 = 


Washington Science Center 
6101 Executive Boulevard 
Box 6016 

Rockville, Maryland 20849-6016 
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Plan and the Major Medical Expense Plan 
will be increased to US $35 000 for claims 
beginning on or after Oct. 1, 1990. 


‘Peace dividend’ 
means job iosses 

If Pentagon funds are reduced by 10 per¬ 
cent each year, compounded through 1996, 
a maximum reduction in demand for en¬ 
gineers would occur in 1995 when 44 000 
engineers would be displaced. Electrical 
engineers would compose more than one- 
third of the total. 

This information from unpublished Na¬ 
tional Science Foundation (NSF) data was 
presented by Robert A. Rivers, a member 
of the lEEE-USA Manpower Commission, 
to those attending the IEEE Professional 
Activities Councii for Engineers confer¬ 
ence in Phoenix, Ariz., in September. 

The NSF data showed defense-related 
engineers hold 32 percent of the jobs in 
communications work; 43 percent of those 
in aircraft, parts, and guided missiles; and 
28 percent of those in measuring and con- 
troi instruments. 

One of the news releases at the meet¬ 
ing showed that U.S. expenditures for na¬ 
tional security are about 5 percent of the 
gross nationai product. Therefore if the 
economy grows at a 2.5 percent annual 
clip, defense cuts couid be mitigated [the 
INSTITUTE, November, p. 8]. 


Japan’s speedy supercomputers 

The US $24 miliion Modei 44, the top of the 
line of NEC Corp.’s new SEX-3 series su¬ 
percomputers, is rated at 22 biliion 
floating-point operations per second 
(Gflops). The US $11 million low-end Model 
14 is rated at 5.5 Gflops. NEC began ship¬ 
ping the supercomputers in June. 

In comparison, a high-end Cray Y-MP8, 
to be installed at Tohoku University, is 
rated at a peak of 2.7 Gflops. It will rent for 
89 million yen (US $0.64 million) per month. 

Fujitsu Ltd.'s two new models—the 
VP2200/40 and the VP2400/40—have peak 
processing speeds of 2 and 5 Gflops, 
respectively, and will rent for 79 million and 
103 million yen (US $0.56 million and $0.74 
million) per month. They will be available 
in September 1991 [the institute, Novem¬ 
ber, p. 1]. 


Changes in IEEE insurance plan 

The IEEE Executive Committee has ap¬ 
proved a series of changes in insurance 
benefits; 

• Maximum insurance benefit under the 
IEEE In-Hospital Plan will be increased to 
US $300 per day for members and their de¬ 
pendents. 

• A credit equal to 30 percent of the annu¬ 
al premium for the 1990-91 policy year will 
be given to all members insured in the Dis¬ 
ability Income Plan as of Oct. 31, 1989. 

• The base premium rates of the Guaran¬ 
teed Acceptance Medical Plan and the 
Major Medical Plan are being hiked 20 and 
10 percent, respectively, as of Nov. 1,1990. 

• The maximum benefit per illness or in¬ 
jury under the Guaranteed Acceptance 
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IEEE Fellow nominees sought 

Members are invited to submit nomina¬ 
tions of those they would like to be elect¬ 
ed to the Fellow grade. To qualify for Fel¬ 
low grade, candidates must be Senior 
Members and have been members for at 
least five years before the one in which the 
election is to take place. However, the five- 
year membership requirement may be 
waived for a candidate in professional 
practice, and so qualified as a Senior Mem¬ 
ber, in a geographical area where it was dif¬ 
ficult to become a member previously. 
[THE INSTITUTE, November, p. 8]. 

• The maximum room and board benefit 
under the Comprehensive Healthcare Plan 
is being doubled from US $400 to US $800 
per day, effective Nov. 1, 1990 [the insti¬ 
tute, November, p. 2]. 



High-tech layoffs. For the last couple of 
years, there have been an unsettlingly 
large number of layoffs in high-technology 
industries. What does this mean for new 
graduates and veteran engineers, job sta¬ 
bility, and career advancement? 

Environment vs. electric power. In 1986 and 
1987, Federal regulations governing the 
relicensing of hydroelectric power plants 
changed to accommodate environmental 
needs, including fish migrations—and 
that may discommode some of the 300 U.S. 
hydroelectric plants due for relicensing be¬ 
fore the year 2000. 

Electronics and the car of ’91. Many new 
models boast electronically controlled au¬ 
tomatic transmissions and suspensions. 
The Acura NSX, moreover, has an electron¬ 
ically controlled variable valve timing sys¬ 
tem and a direct ignition system with ig¬ 
nition coils for each spark plug. A similar 
ignition system is on some Saab cars. 

Japanese robots. When a group of leading 
U.S. roboticists toured Japanese laborato¬ 
ries recently with an eye to space applica¬ 
tions, they were impressed and on occa¬ 
sion awed by what they saw—for instance, 
a whole new class of serpent-like arms. 

Parallelism in compilers. While parallelism 
has been present in one form or another 
in the the earliest computers, over the past 
decade it has played an increasing role in 
computer architectures. More especially, 
applications are evolving for computer 
compilers. 

Whistleblower survivors. Not all engineers 
who openly disagree with their employers 
about the safety of a product or expose un- 
scrupulous practices lose out. Three en¬ 
gineers who quit General Electric In the 
1970s because they mistrusted existing 
nuclear reactor technology have since 
formed one of the most successful nuclear 
safety consulting firms in the United 
States. 
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There^s a new standard 
for functionality, ease-of-use and price. 
TheTI-68. 


We set some tough goals for ourselves in 
designing the 71-68. It had to have the 
powerful functions that technical profes¬ 
sionals need. It had to easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The TI-68 has 254 useful functions. It solves 
up to five simultaneous equations with teal 
or complex coefficients. A prompting system 
guides you through all entries and results. 

’ibu can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The 71-68 evaluates 40 complex number 
functions and lets you choose polar or 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
TI-68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver¬ 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 


binary. And it does Boolean logic operations, toa 
TTie TI-68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 

TTie TI-68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1-806-747-1882 for additional informa¬ 
tion and to request free product literature. 

, Texas'^ 
Instruments 






Introducing DADiSP 2.0 



DADiSP. The Big Picture in 
Signai Processing 


DADiSP — interactive graphics and data analysis soft¬ 
ware for scientists and engineers. DADiSP 2.0 delivers 
unprecedented power, through easy-to-use menus. Choose 
from himdreds of analysis functions and graphic views — 
from tables to 3-D. Simultaneously display 
multiple windows, each with different data or 
analyses, for unlimited perspective on your 
toughest data analysis problems. 

Build your own analysis worksheets — 
build and display an entire signal processing 
chain, without programming. And DADiSP’s 
powerful graphic spreadsheet automati¬ 
cally recalculates and updates the entire 
chain if you change your data or a 
processing step. 

Do serious signal processing...the way 
you always pictured it! FFTs, digital filter 
design, convolutions, waterfall plots, and more 
— all at the press of a key. 

Let your instruments do the talking — use DADiSP- 
488 to bring data from your instruments directly into 
DADiSP window for immediate viewing and analysis. 




Flexible, expandable, customizable — annotate your 
graphs and send them to printers, plotters, or publishing 
packages. Create your own macros, automate routine 
tasks, and run any program written in any language from 
within DADiSP. DADiSP even lets you build 
your own menus. 

A proven standard — already used by 
thousands of engineers and scientists world¬ 
wide, in a whole range of applications like 
medical research, chemistry, vibration 
analysis, communications, manufacturing 
quality control, test & measurement, and 
more. DADiSP supports the IBM PC 
and PS/2, SUN, DEC VAX, HP 9000 and 
Concurrent families of personal computers 
and workstations. 

GET THE PICTURE! 800-424-3131 
IN MA: 617-577-1133 
Ask for our Evaluation Disk. For more 
information, write to DSP Development Corporation, 

One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 
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